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GENERAL INTRODUCTION 
The maize (Zea mavs L.) production in tropical regions is only 20% 
of the total in the world (CIMMYT, 1984). The main reason for this low 
production is the low average yield equivalent of 1.4 tons per ha. Low 
production is a consequence of varietal characteristics, management 
systems, and the interaction between these two factors. 
Varietal characteristics of traditional tropical maize are tall 
stature, large amount of foliage, large tassel size, relatively long 
growing season, and relatively low grain-to-stover ratio, which 
contribute negatively to a high varietal grain production. In many 
tropical maize-growing areas, it is desirable that maize cultivars 
either ripen earlier for a brief rainy season or for a specific 
cropping sequence. 
There are many ways for using earliness in a tropical maize 
breeding program. In the long term, crosses among tropical x temperate 
materials should produce the best results. In the short and medium 
term, however, the formation of a relatively early gene pool and the 
selection for earliness is another alternative. 
The second option was chosen by CIMMYT (1981), who formed the base 
population 'Compuesto Seleccion Precoz' by recombining 15 tropical 
materials. Half-sib family selection was the method used to improve 
earliness in this population. Two cycles per year were performed at 
two tropical environments from Mexico and fifteen cycles of selection 
were available for the present study. 
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Flowering date is a highly heritable trait and responds readily to 
selection (Troyer and Brown, 1976). When selecting for a trait, the 
expected response depends on the amount of additive genetic variance 
for the trait of interest in the base population. Additive genetic 
variance is the fixable portion of genetic variability, and the 
greatest portion of the total genetic variance for flowering date in 
maize is attributed to additive effects (Hallauer and Miranda, 1988). 
Therefore, directional selection may be useful to modify the population 
mean by increasing the frequency of favorable alleles; also, it is 
desirable to maintain the additive genetic variance in the population 
in order to have further response to selection. Recurrent selection is 
amenable for these purposes as observed by the results in many maize 
breeding programs. 
There is large environmental variability within tropical regions 
where maize is grown. The selection process, on the other hand, 
usually is performed in a limited number of environments. 
Consequently, it is important to know the direct and correlated 
response to selection not only in the environments were the selection 
was performed but also in other environments at which the selected 
material could be used. Stable performance of varieties across 
environments is an important trait, particularly for the variability 
among environments in the tropical regions. There are several methods 
to study the stability of varieties: univariate parametric, univariate 
nonparametric, and multivariate methods. Actually, the most frequently 
used method for estimating stability in breeding programs is the 
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univariate parametric method that Involves a regression analysis 
(Becker and Leon, 1988). 
When selecting for a particular trait, there are frequently changes 
In other traits. The term used to define this effect Is correlated 
response. The level of change depends on the genetic correlation among 
these traits. There are at least two genetic mechanisms which 
determine genetic correlation: plelotroplsm and linkage. Other 
factors related to the magnitude of correlated response are the 
Intensity of selection, herltablllty, and phenotyplc variance of the 
traits. 
This research was conducted to accomplish the following 
objectives: 1) evaluate across environments the direct response to 
selection for earliness In Compuesto Selecclon Precoz; 2) evaluate the 
correlated response In other Important agronomic traits, such as yield, 
plant and ear height, and grain moisture; and 3) estimate the 
contribution of additive and dominance gene effects to the response to 
selection. 
LITERATURE REVIEW 
Recurrent Selection 
The terra 'recurrent selection' was first used by Hull (1945), 
although breeding systems with essentially the same concept were 
suggested by Hayes and Garber (1919) and East and Jones (1920). 
Recurrent selection includes the simplest method of selection, mass 
selection, to the most complex method of selection, reciprocal 
recurrent selection. In all instances, recurrent selection includes 
developing progenies from a base population, testing progenies in 
replicated trials, and recombining the selected progenies to continue 
the selection procedure. 
Mass selection for the improvement of maize undoubtedly was 
initiated with the domestication of maize and continued within open-
pollinated varieties before the concept of hybrid maize was developed. 
A modification of mass selection, ear-to-row, was initiated by Hopkins 
(1899). 
The widespread belief that a plateau had been reached and that 
selection for yield in adapted maize varieties was no longer effective 
became prevalent among the breeders (Gardner, 1961). Gardner (1961) 
developed a technique which allowed a more precise separation of 
genetic and environmental effects and thus permitted mass selection to 
be more effective. He stratified each isolated population, and the 
selection was performed in each stratum; consequently, the 
environmental variation among plants was reduced and the selection was 
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more effective. 
Hunt (1904), Williams (1905), and Lonnquist (1964) proposed 
modifications of the ear-to-row procedure as a means of increasing the 
accuracy of intrapopulation selection. According to Lonnquist (1964), 
the method is essentially a between and within family selection. 
Between family selection is performed by family evaluation in several 
environments. Within family selection is based upon visual selection 
at one location, at which the trial is grown in isolation, and the 
ear-rows are detasseled so that pollen is provided by a bulk sample of 
all entries. Superior plants are selected within the highest yielding 
ear-rows based on family means over environments. 
The half-sib selection procedure differs from the modified ear-to-
row in that remnant seed of the high-performing families is recombined 
to form the new base population. Recombination adds one generation to 
the cycle time for half-slb selection, but this can be done In a winter 
nursery. Gain per cycle is expected to be twice as great for half-sib 
selection (with winter nursery) as for modified ear-to-row (Sprague and 
Eberhart, 1977). 
Mass selection, as well as ear-to-row and half-sib family 
selection, have been widely used in many maize programs in the world 
and only a brief summary will be presented. 
Mass selection has been successful for improving relatively highly 
heritable traits, such as disease resistance (Jenkins et al., 1954; 
Center, 1976), ear and plant height (Acosta and Crane, 1972; Hallauer 
and Sears, 1972; Center, 1976; Mareck and Gardner, 1979), ear length 
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(Cortez-Mendoza and Hallauer, 1979), ear moisture content (Cross, 1985; 
Cross et al., 1987), early flowering (Hallauer and Sears, 1972; Troyer 
and Brown, 1972 and 1976; Center, 1976; Mareck and Gardner, 1979; 
Troyer and Larklns, 1985), grain protein and oil content (Sprague and 
Brlmhall, 1950; Woodworth et al., 1952), Insect resistance (Zuber et 
al., 1971), pericarp thickness (Ito and Brewbaker, 1981), seed size 
(Odhlambo and Compton, 1987), and seedling emergence (Bell et al., 
1983). Sprague (1955) and Gardner (1961) discussed why the earlier 
studies on mass selection were seemingly Ineffective for yield. 
Hallauer and Miranda (1988) emphasized that for a complex trait such as 
yield a kind of family evaluation would be needed to achieve consistent 
gain with selection. Experimental results using mass selection, ear-to 
row, and half-slb family selection for yield and other complex traits 
have been reported. 
Gardner (1961, 1973) reported an average gain in yield of 3.0% per 
generation through 15 generations of mass selection in the 'Hays 
Golden' variety. Johnson (1963) reported a gain of 33% in the variety 
'V-520-C' after three generations of mass selection for yield. 
Lonnquist et al. (1966) reported a significant Increase in productivity 
after six cycles of mass selection for yield in the Hays Golden variety 
of maize. A yield Increase of 171% after 10 cycles of mass selection 
in Mexican races of maize was reported by Center (1976). Mareck and 
Gardner (1979) reported that mass selection in Hays Golden 
significantly increased grain yield 12 to 15% on the average. 
Selection seemed to have increased the frequencies of genes which 
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permit genotypes to take advantage of more favorable growing conditions 
for Hays Golden. Barrlga (1982) reported a gain In yield of 22.4% per 
cycle after two cycles of stratified mass selection. A gain of 3.25 % 
per cycle after 10 cycles of mass selection for yield In the 
'Zacatecas' maize cultiyar was reported by Vargas et al. (1982). 
Hallauer and Sears (1969) evaluated six cycles of mass selection in 
two varieties of maize ('Krug' and 'Iowa Ideal'). Preliminary results 
did not show significant improvement in yield in either Krug or Iowa 
Ideal. 
Hallauer and Miranda (1988) presented a summary of the effect of 
half-sib family selection on yield in several populations of maize such 
as; 'Paullsta Dent', 'Piramex', 'Centralmex', and 'IAC-1' from Brazil; 
'Hays Golden' from the USA; 'Kitale Composite A' from Afrlca;and 'PMC-
561' from Peru. The number of cycles of selection varied from 3 to 12, 
and the average gain for yield per cycle was 5.9%. 
The use of half-sib recurrent selection implicates the use of a 
tester. The tester can be either a broad genetic base or a narrow 
genetic base, and the concepts of general (CGA) and specific combining 
ability (SCA) are related with the tester's genetic base, 
respectively. Also, a combination of half-sib family selection and 
selflng has been used to obtain a greater response to selection in many 
maize breeding programs. 
Comstock (1964) showed theoretically that in absence of 
overdominance SI selection would be more efficient than half-sib family 
selection. Comparative studies of half-sib and SI selection indicated 
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greater genetic variability among Sis as manifested by larger family 
variance components and greater ranges for yield and other traits 
measured (Center and Alexander, 1966; Lonnqulst and Lindsey, 1964; 
Burton et al., 1971; Carangal et al., 1971; Coulas and Lonnqulst, 
1977). Coulas and Lonnqulst (1977) reported that selection of combined 
half-sib and SI resulted in genotypes with less than average inbreeding 
depression and average or better heterotlc response. 
The effectiveness of selection in changing the gene frequency for 
characters conditioning high oil percentage has been well established 
(Winter, 1929). Sprague and Brimhall (1950) and Sprague et al. (1952) 
indicated that recurrent selection was at least 2.6 times more 
efficient than selection during inbreeding in developing high oil 
strains. The evaluation of five cycles of selection showed that the 
change per year was 0.41 and 0.13% for the recurrent and selfing 
series, respectively. McGill and Lonnqulst (1955) reported that two 
cycles of recurrent selection for combining ability in Krug had been 
effective in modifying combining ability and that high yield synthetics 
would be better sources of new lines than Krug. Lonnqulst and Lindsey 
(1964) obtained no significant increase In population yield from either 
half-sib or SI selection, but Lonnqulst (1968) reported a 15% gain in 
population yield from one cycle of recurrent half-sib selection when an 
unrelated tester parent was used. Duclos and Crane (1968) obtained 
significant population yield increases from the first cycle of 
selection using both half-sib and SI selection, but no further 
improvement was obtained. Eberhart et al. (1973) reported a gain in 
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yield of 2.6% per cycle when applying half-sib selection in 'Iowa Stiff 
Stalk Synthetic' using 'Iowa 13' double cross as tester. Goulas and 
Lonhquist (1976), using a combined half-sib and SI family selection, 
reported that relative to CO, selection resulted in 50% yield 
improvement in Cl and 20% improvement for C2. Horner et al. (1963, 
1973) evaluated the effectiveness of recurrent selection in 'Florida 
767' maize population and showed that more progress was made, both in 
population improvement and in higher yielding specific combinations, 
with the narrow genetic base tester than with the broad genetic base 
tester. They emphasized that it was only in the advanced cycles of 
selection that the inbred line tester appeared superior to the 
heterogeneous, heterozygous tester. Similar results were obtained by 
Sprague et al. (1959) and Russell et al. (1973). They found that the 
inbred lines Hy and B14 were effective testers in changing gene 
frequencies of genes having additive effects. Tanner and Smith (1987) 
compared half-sib and Si recurrent selection in the Krug maize 
population. The observed gain for grain yield during cycles 0 to 4 was 
greater for SI than for the half-sib selection; however, there was no 
significant difference between methods for cycles 4 to 8. 
Genetic Variability 
Progress in plant breeding is dependent on the availability and 
maintenance of genetic variability (Hallauer, 1980). If the breeding 
material is planted in replicated experiments, the data analysis 
provides a proper test to estimate the genetic variability in the 
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germplasm for the population of environments sampled. The choice of a 
particular population will depend on the mean performance of the 
population and the genetic variance within the population (Dudley and 
Moll, 1969). 
O 
Fisher (1918) partitioned the genetic variance (ctq) Into 
n 
additive genetic variance (a^), due to average effects of genes ; 
2 dominance variance (ctq), due to Intraallellc Interactions; and 
eplstatlc variance (o^), due to Interallellc Interactions. 
Cockerham (1954) extended the treatment of eplstatlc variance. The 
estimation of additive and nonaddltlve genetic variance requires the 
use of adequate mating and experimental designs. The choice of a 
mating design depends on the information required; a two-factor design 
is necessary for the separation of additive and dominance variance 
(assuming eplstasis is absent). The genetic components of variance can 
be equated to covarlances among relatives in the mating design. 
Comstock and Robinson (1948, 1952) presented procedures for obtaining 
estimates of the genetic components of variance and the average level 
of dominance. These designs have been used extensively to obtain 
estimates of the genetic components of variance. 
According to Lerner (1958) progress from selection in an isolated 
population, without new variation being provided by mutation or 
migration, is obtained at the expense of the additive genetic variance. 
Thus, an increase in the mean of a trait under selection is 
theoretically accompanied by reduction of variability. He further 
emphasized that some of the initial reduction in the variability may be 
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later compensated for as crossing-over releases potential variability 
possibly locked In heterozygous polygenic blocks. The amount of 
additive genetic variance Is directly related to the gain from 
selection. Studies have been conducted to obtain Information about the 
availability of genetic variance as well as to explain the causes of 
its reduction. It has been found that the largest proportion of the 
total genetic variance in maize is the additive genetic variance 
(Robinson et al., 1955; Gardner and Lonnqulst, 1959; Lindsey et al., 
1962; Gardner, 1963; Moll et al., 1964; Compton et al., 1965; Williams 
et al., 1965; Eberhart et al., 1966; Sentz, 1971; Wright et al., 1971; 
Sllva and Hallauer, 1975). Additive genetic variance is the fixable 
portion of the genetic variability and indicates that selection should 
be effective for improving the mean level of the trait under selection 
(Hallauer, 1980). 
Compton et al. (1965) estimated the genetic variability in two 
open-pollinated varieties of maize and reported that their results were 
consistent with the hypothesis that additive gene action with no more 
than partial to complete dominance is the primary cause of genetic 
variation in open-pollinated varieties. Epistasis may be important in 
causing some values to deviate from expectation, but all differences 
they noted were within that expected as a result of sampling errors. 
Stuber et al. (1966) reported that the magnitudes of the additive 
and dominance variance for yield were similar in a parental population 
formed by crossing ' Jarvis Golden Prolific' and 'Indian Chief. The 
additive variance was found to be greater than dominance variance for 
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ear number, days to tassel, number of tillers, plant height, and ear 
height. 
Gardner and Lonnqulst (1959) reported that the level of dominance 
and the dominance variance were lower for every quantitative character 
studied in the F8 generation compared to the F2 generation. Their data 
supported the hypothesis that estimates of overdominance previously 
obtained for genes controlling yield could have been due to upward bias 
in the estimates as a result of repulsion phase linkages among genes 
with partial to complete dominance. Also, higher estimates of additive 
genetic variance in the F8 generation were observed. The results, 
although believed to Indicate, on the average, no more than complete 
dominance for genes controlling yield, did not preclude the possibility 
of the existence of overdominance at one or more loci. 
Eberhart (1961), cited by Sllva and Lonnqulst (1968), has shown 
theoretically that the magnitude of changes in genetic variances will 
vary according to gene frequency and level of dominance in the 
population. Changes in genetic variance as a result of selection would 
be small for values of q at or near 0.5; drastic changes would occur 
for q values near fixation (0 or 1). 
Genetic variances are not expected to change appreciably in short-
term selection experiments (Hallauer and Miranda, 1988). Lonnqulst et 
al. (1966) concluded that there was no apparent reduction of additive 
genetic variance due to mass selection in a control and an irradiated 
Hays Golden maize population after six cycles of selection. 
In long-term selection experiments, Dudley (1977) reported that 
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after 76 generations of selection an increase in oil concentration of 
279% of the original mean was obtained. Rate of change In early 
generations was higher than in later generations, but the limits of 
selection were not reached in any direction. 
Darrah et al. (1972) reported no changes in the genetic variance in 
six maize populations after six cycles of ear-to-row selection. 
Eberhart et al. (1973) reported no evidence of loss in genetic variance 
from half-slb selection in 'Iowa Stiff Stalk Synthetic' (BSSS) with the 
Iowa 13 tester; they Indicated that gain from selection is expected to 
be proportional to genetic variance and there was no indication that 
gain in the last cycles was not at least as great as in the first 
cycles. Moll and Robinson (1966) reported that the additive genetic 
variance appeared to be unchanged after several cycles of full-sib 
selection in three maize populations. 
There are reports that show that genetic variance was not changed 
with reciprocal recurrent selection (RRS). Moll et al. (1977) examined 
the frequency distribution of maize yield before and after six cycles 
of RRS. Single crosses between two populations were compared. 
Frequency distributions of average single-cross yields showed no 
significant deviations from the normal distribution. The slope of the 
distribution had not changed after selection but the distribution had 
been shifted to the right with an increased probability of outstanding 
hybrids In the upper tail. Therefore, there was no evidence that 
variability among crosses had decreased from CO to C6. Obilana and 
Hallauer (1977) reported that the genetic variability in BSSS was 
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apparently not reduced after seven cycles of RRS or after seven cycles 
of half-sib selection followed by two cycles of S2 selection. Martin 
and Hallauer (1980) evaluated seven cycles of RRS in BSSS and BSCBl 
maize populations. Estimates of genetic components of variance 
determined from the yield selection trials for each cycle showed no 
evidence that genetic variability in BSSS and BSCBl had declined 
because of selection. 
A decline in genetic variance, however, has been reported in other 
short-term experiments (Faterniani, 1967; Burton et al., 1971; El-Roubi 
et al., 1971; Moll and Smith, 1981; Mulamba et al., 1983; Sullivan and 
Kannenberg, 1987). McGill and Lonnqulst (1955) reported that 
synthetics produced after two cycles of recurrent selection in the 
'Krug' variety were less variable in combining ability than was the 
parental variety. The reduction in variability was greater than had 
been anticipated assuming the level of inbreeding did not exceed that 
expected on the basis of the number of lines selected in each cycle. A 
portion of the reduction in variability was attributed to a shift of 
gene frequency resulting from effective selection. A larger portion of 
the reduction in variability was believed to be due to inbreeding. The 
Increased rate of Inbreeding is explained as possibly resulting from 
nonrandomness of mating. Harris et al. (1972) reported that genetic 
variance had decreased after nine cycles of mass selection in the Hays 
Golden variety. This provided additional evidence that genetic 
variance has decreased with mass selection, which indicates that 
selection had increased the frequencies of some important genes above 
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Intermediate levels. 
Faternlanl (1967) expressed the genetic variability as the Genetic 
Coefficient of Variability (CGV). He reported the results of a 
modified ear-to-row (MER) selection In a Brazilian population of 
maize. This coefficient was 15.8% in CO and 7.1% In C3. Most of this 
decrease occurred from the original to the first cycle. Webel and 
Lonnqulst (1967) evaluated four cycles of MER selection In Hays Golden 
population and reported a change In GCV from 11.3 In CO to 4.2% In CI. 
No further reduction was observed In the next three generations of 
selection. 
Goulas and Lonnqulst (1976) studied combined half-slb and SI family 
selection In a population that originated from three Inbred lines. 
f) 
Fhenotyplc variances (ap) among SI families were approximately twice 
those among the half-slb families in both CO and CI. The among family 
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variance component (a^) for SI families was three times that among 
half-slb families in both CO and Cl. Genetic coefficients of variation 
for yield changed very little from CO to Cl. More pronounced was the 
reduction in genetic covarlance between half-slb and SI for yield from 
CO to Cl. These changes may reflect random errors in the estimates as 
well as effects based upon the type of selection practiced, Mulamba et 
al. (1983) estimated the genetic variability in the 'Krug' maize 
population. Based on SI progenies, they found a decrease in genetic 
variance from the SI and half-slb derived populations for most traits 
and no change for the mass-selected population. Sullivan and 
Kannenberg (1987) compared SI (S) and modified ear-to-row (MER) 
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recurrent selection in four maize populations: 'Afton', 
'Schindelmeiser', 'Gelber Badischer Landmais', and 'Northwestern 
Dent'. The primary trait of selection was Performance Index (Pl-grain 
yield/percent grain moisture). Genetic variance for grain yield 
declined in all populations, but only significantly during S selection 
in Schindelmeiser, Gelber Badischer Landmais, and Northwestern Dent 
populations; during MER selection the genetic variance declined only in 
the Schindemeiser population. For percent grain moisture, a large 
reduction in genetic variance was observed in S selection in three 
populations (Afton, Gelber Badischer Landmais, and Northwestern Dent); 
in one population (Afton) the genetic variance increased with MER 
selection. The general decrease or lack of change in genetic variance 
for grain yield and percent grain moisture indicated a decrease in 
genetic variance for PI. 
Sllva and Lonnqulst (1968) reported a moderate decrease in genetic 
variance because of selection in an open-pollinated variety of maize. 
Both SI progeny and full-sib selection methods produced different 
changes in magnitude of genetic variances. 
Hallauer and Miranda (1988) summarized the estimates of additive 
genetic variance for grain yield for five types of maize populations 
and showed that synthetic varieties, such as BSK, had less genetic 
variability, on the average, than F2, open-pollinated, variety cross, 
and composite populations. The genetic variation in BSK was probably 
less than in open-pollinated varieties or populations that Included 
exotic germplasm. Less genetic variation may have contributed to the 
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smaller response to mass selection in BSK, but the available genetic 
variability was adequate for selection based on half-sib and SI 
progenies evaluated in replicated trials. 
Hallauer (1970) used design II to estimate genetic variability for 
yield after four cycles of reciprocal recurrent selection in maize. He 
reported no difference in the estimates of additive genetic variance 
(ff^) for the CO and the C4 'Corn Borer Synthetic No. 1 Population' 
(BSCBl); a decrease of from CO to C4 for BSSS; and a significant 
f) 
reduction for the estimates of from the COxCO to the C4xC4 hybrid 
populations. Penny and Eberhart (1971) summarized 20 years of RRS in 
two synthetic varieties of maize. They reported a trend for the 
decline of the genetic variance as selection progressed. Moll and 
Smith (1981) evaluated five cycles of full-sib and SI progeny selection 
in an advanced generation of the hybrid population 'Indian Chief' x 
'Diente de Caballo'. They reported about a 33% reduction of genetic 
variance after five cycles of selection. 
Correlated Response 
Correlated response occurs when selection for one trait (X) cause 
changes in other trait (Y) (Hallauer and Miranda, 1988). The genetic 
correlation between the two traits plays an important role and 
determines the predicted pattern of the correlated response found in 
different experiments. Genetic correlation is the correlation of the 
breeding values and expresses the extent to which two measurements 
reflect what is genetically the same character (Falconer, 1986). 
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There are at least two genetic mechanisms which determine genetic 
correlation. The first and most obvious is pleiotropy. Plelotropism 
occurs when one gene affects simultaneously different physiological 
pathways, resulting in influence over several observed traits (Hallauer 
and Miranda, 1988). Every gene potentially affects every trait in the 
organism, either as a primary effect or as a secondary, indirect effect 
(Hartl, 1980). The correlation resulting from pleiotropy is the 
overall effect of all the segregating genes that affect more than one 
trait. Some genes may increase the traits causing a positive 
correlation, while other genes may Increase one trait and decrease 
other traits causing a negative correlation; as a result, pleiotropy 
does not necessarily cause a detectable correlation (Falconer, 1986). 
Linkage is another important cause of correlation between traits. 
It may be present in the initial population or it may be generated by 
selection (Mather and Harrison, 1949). When genes are integrated in 
polygenic blocks, they can be transmitted together within a population. 
If selection occurs, selected individuals include, locked within them, 
alleles affecting traits other than those under selection. Different 
relationships among these traits determines different effects: 
fixation, elimination, and continued segregation (Lerner, 1958). 
Genetic correlations are strongly influenced by gene frequencies and 
they may differ markedly in different populations (Bohren et al., 
1966). Estimates of genetic correlations are usually subject to large 
sampling errors and are, therefore, seldom very precise (Falconer, 
1986). Clayton et al. (1957) emphasized that if the genetic 
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correlation between two traits is low, genetic sampling in the 
secondary trait may be the most important source of error in its 
estimation from the correlated response; consequently, a careful 
experimental design is necessary in estimating genetic correlations for 
correlated responses. It has been suggested that the most accurate way 
of measuring genetic correlations is by observing the response of one 
character on selection for the other. The sampling variance can be 
substantially reduced by either selecting parents such as to increase 
their variance above that of the population, or by using positive 
phenotype assortative mating, such as to Increase the variance of 
mid-parent value; both methods may be combined to give the maximum 
effect (Reeve, 1953). The underlying assumptions used by Reeve (1953) 
are that environmental and genetic effects are uncorrelated, that the 
environments of parents and offspring are uncorrelated, that dominance 
and epistasis are absent, and that sex linked effects are small enough 
to be ignored. 
In order to study the theory of genetic correlation, Falconer 
(1954) showed that the theoretical treatment in terms of genetic 
correlation adequately accounts for the observed response. He compared 
the response of two-way selection experiments in mice: for weight at 
six weeks in one pair of lines and for tail-length at the same age in 
another pair. Estimates of the genetic correlation between weight and 
tail-length, calculated separately for the two pair of lines, were 0.62 
and 0.57. This good agreement shows that the theoretical treatment of 
the genetic relationship between the two traits adequately accounts for 
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the correlated responses to selection actually observed. Reeve and 
Robertson (1953), selecting for wing and thorax lengths In Drosoohvla 
melano^aster. found good agreement between estimates of the genetic 
correlation between the two traits In their base population and the 
correlated responses when either one of the two traits was selected 
separately. 
Falconer (1986) presents the formulas for direct response to 
selection for traits X and Y as follows: 
where R^ Ry- direct response to traits X and Y, respectively; 
Ijj, ly- Intensity of selection for traits X and Y, respectively; 
h^, h^- herltablllty for traits X and Y, respectively; 
h^, hy- square root of the herltablllty for traits X and Y 
respectively; and 
<7^, Op^y- additive standard deviation for traits X and Y 
respectively. 
The correlated response Is expressed as: 
CRy- b(A)yx ^  ^(A)xy ^y 
where CRy, CR^- Correlated response for trait Y and X, 
respectively; and 
b(A)y3j" regression of the breeding value of Y on the breeding value 
of X. 
Therefore: CRy- 1^ h^ hy r^ apy and CR^- ly h^ hy r^ , 
where r^- genetic correlation between traits X and Y; and 
<7px, Opy- phenotyplc standard deviation for traits X and Y, 
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respectively. 
Consequently, the correlated response depends on the intensity of 
selection, heritability, and the variance of traits X and Y, although 
the underlying cause of this response is the genetic correlation 
Indirect selection occurs when selection is applied to some trait 
other than the one it is desired to improve (Falconer, 1986). The 
situation of selecting on a trait expressed in one environment when 
seeking improvement on the same trait in another environment might also 
be termed indirect selection; the same trait expressed in the two 
different environments might be thought of, for purposes of comparison, 
as two different traits because genes responsible for a trait in one 
environment may be either different or partially different than genes 
for the same trait in other environment (Yamada, 1962; Searle, 1965). 
The efficiency of indirect selection in relation to direct selection 
involves the interrelationship of at least three genetic parameters of 
the traits: heritability, genetic correlation, and phenotypic 
correlation. 
Lerner and Cruden (1948) suggested assessing the efficiency of 
indirect selection by comparing the rates of genetic progress in 
improving the genetic merit of a trait under two «election programs, 
and by expressing the rate of improvement when using indirect selection 
as a fraction of that when using direct selection. Falconer (1952) and 
Searle (1965) present the following formulas: 
f^y ^  ^y ^Px^/ [^x ^x '^Ax^ 
22 
where CR^/ R^- Relative selection efficiency (P). 
If the same selection Intensity Is used for traits X and Y, 
decisions In favor of using Indirect selection are likely to be made 
when estimates of P are close to unity; I.e., the correlated response 
will be greater than direct response If r^ hy Is greater than h^. 
In addition to these genetic considerations, Falconer (1986) mentions 
technical difficulties to be considered; the feasibility, precision, 
and cost of taking measurements of the traits of Interest In the 
selection program. 
Reeve (1955) obtained an approximate formula for the sampling 
variance of an estimated genetic correlation [V(ry^)] when It Is 
estimated from parent-offspring covarlances or correlations as follows 
V(r^)- 1/f (1/2 (l-r|)2 + 1/2 (1-r^) [1/2 (1/h^+l/h^rpr^/h^hy] 
+ 2k/n [r^/2 (h^+h^]2 + (l-r^)Vn [k(l-r|)/h2h2 
- l/4(h2+h2) + raTp/Zhihg ] ), 
where rp- phenotyplc correlation between traits X and Y; 
k- 1 In a test using mid-parent values and families of full-
slbs; 
k- 2 In a test using one parent and families of half-slbs; and 
n- progeny measured from each of the f families. 
Robertson (1959) presents the formula for the variance of the 
genetic correlation [V(r^)] based on the analysis of the variance and 
covarlance components for two traits within and between groups of 
relatives as follows: 
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{[nt(l-r^+(l-t)(l-r^r„)]+[(l-t)2 (r^r„)2j /(n-1) 
+ [(l-t)2 (r^r„)2+(l.rAr„)] /N(n-l)]), 
where t- Intraclass correlation; 
n- relatives In each group; 
N- number of groups; and 
r^- genetic correlation within groups. 
Searle (1965) presents the following formula to find the sampling 
variance of an estimate of the Relative Selection Efficiency (P). 
V(P)- l/f{2/h^ {l+2p2+r|-4rpP+(h^/2h|)(l-2rpP)+l/2P(l+2p2.rpP)]-3P), 
where f- pairs of parent-progeny. 
The wide ranges for the P estimates and their corresponding 
standard errors can lead in the practice to false conclusions about the 
value of indirect selection. The standard error of P is high either 
when hy is low or when h^ Is larger than that of the hy; i.e., 
when the ratio h^/hy is relatively large. Therefore, heritabillty 
estimates with very low standard errors are needed in order to obtain 
estimates of P with small standard errors (Searle, 1965). 
Bohren et al. (1966) mentioned that the asymmetry of the genetic 
covarlance, and, consequently, of the correlated responses, results 
when the relative change in gene frequency at the loci contributing 
positively and negatively to the covarlance depends on the trait 
selected. Probably the most frequent contribution to asymmetry in 
practice will be from loci contributing negatively to the covarlance 
and having frequencies other than 0.5. Therefore, accurate prediction 
of correlated response over many generations is not possible without 
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prior knowledge of the composition of the genetic covariance, as well 
as its magnitude. As a result, predictions would have to be based on 
the genetic parameters estimated in each generation. 
Falconer (1960) observed asymmetrical correlated response when 
selecting mice for growth rate on high and low nutrition regimens. The 
realized genetic correlations were equal for the first four generations 
of selection (0.67, 0.65) but were markedly different for generations 5 
to 13 (1.25, -0.02). Also asymmetrical correlated response was 
observed in Tribolium castaneum by Bell and McNary (1963) when 
selecting for increased pupal weight in both a wet and a dry 
environment and by Yamada and Bell (1963) when selecting for increased 
and decreased 13-day larval weight under good and poor nutritional 
levels. Similar results were observed in poultry by Slegel (1962) when 
selecting for body weight and breast angle and by Nordskog and Festlng 
(1962) when selecting in both high and low directions for body weight 
and egg weight. Clayton et al. (1957) reported asymmetry in response 
of sternopleural bristle number in Drosophvla melanogaster to selection 
for Increased and decreased sternital bristle number. 
Experimental results in maize dealing with correlated response have 
been reported by many authors. Yield usually is the most important 
trait in a maize breeding program. When selecting for yield as primary 
trait, correlated responses in other traits often occur. 
Hallauer and Wright (1967) reported that an Increase in yield after 
three cycles of mass selection for grain yield was associated with an 
Increase In grain moisture, root lodging, and dropped ears. Harris et 
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al. (1972) reported the results in two populations of maize improved by 
nine cycles of mass selection for yield. SI lines and their test 
crosses were evaluated. Prolificacy resulting from selection for yield 
was evident in SI lines but not in testcrosses. Since inbreeding did 
not reduce prolificacy in the selected populations, results were 
interpreted to mean that tester genes masked recessive genes which 
induce prolific potential when homozygous. Harris et al. (1972) also 
reported other correlated responses with selection for yield; higher 
shelling percentages, higher grain moisture at harvest, later flowering 
dates, higher ear height, and taller plants. Center (1976) reported on 
10 cycles of mass selection in Mexican races of maize. Ears were saved 
primarly from erect, disease-resistant, and productive plants. Yield 
increased 171%, days to silk decreased 11 days, moisture at harvest 
decreased 7.7%, and incidence of smut (Ustilago mavdis) decreased from 
43.6 to 19.3 smut galls per 100 plants. Selection had little effect on 
root lodging, but stalk lodging increased. Mareck and Gardner (1979) 
reported that when selection was for high grain yield only, correlated 
increases occurred in prolificacy, days to flower, plant and ear 
height, and grain moisture at harvest. Ten cycles of mass selection 
for prolificacy were about as effective increasing yield as 15 
generations of selection for yield itself. Mulamba et al. (1983) 
reported that mass selection in the Krug (BSK) population was 
moderately effective to increase the yield (0.49% gain per cycle). 
Increased yield, however, was associated with delayed silk emergence, 
greater grain moisture at harvest, and increased ear height. 
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Compton and Bahadur (1977) evaluated the modified ear-to-row method 
in the Hays Golden cultivar and reported the correlated responses for 
other agronomic traits with selection for yield. On the average the 
increases were 1.45, 2.87, and 3.16% per cycle for grain moisture, ear 
height, and ears per plant, respectively. 
Goulas and Lonnquist (1976), using combined half-sib and SI family 
selection and taking grain yield and grain moisture at harvest as 
selection criteria, reported that Cycle 1 was one day earlier to 
flower, taller with slightly higher ear placement, and had less 
moisture in the grain at harvest. Cycle 2 exhibited no further change 
for moisture in grain at harvest but was taller, with ear height being 
111% relative to Cycle 0. 
Moll and Robinson (1966), Moll et al. (1978), and Moll and Hanson 
(1984) reported that direct gain for yield was accompanied by a 
significant correlated response for prolificacy in the populations as 
well as in the population cross in a reciprocal recurrent selection 
program. 
Willman et al. (1967a,b) evaluated 21 plant traits measured on 76 
maize hybrids to determine the relationship of these traits to grain 
yield and stalk lodging. They concluded that the lack of consistent 
and significant correlations between the traits and grain yield or 
stalk lodging suggests that no single trait would be of practical use 
in a breeding program. Consequently, simultaneous measurements of 
several traits in a multiple regression model may be useful in 
explaining maize productivity in specific hybrid groups. 
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In some selection programs the selection criteria are other than 
yield, and the evaluation of these results has been reported. Troyer 
and Brown (1972 and 1976) and Troyer and Larklns (1985) reported the 
results from 11 cycles of selection for early flowering. Selection was 
for early flowering only in cycles 0 to 5 and selection for early 
flowering plus better stalk quality in cycles 6 to 11. The gain per 
cycle, on the average of 11 cycles of selection, was about one day less 
to pollen shed, 1.4 points less grain moisture, 23 mm less plant 
height, 0.3 days less silk delay, 167 kg per ha (5%) more yield, and 
0.5% more broken stalks. Selection for better stalk quality was 
effective in cycles 6 to 11. They suggested that selection for early 
flowering and better stalk quality will more likely develop useful 
materials than selection for early flowering alone. 
Cross (1985) and Cross et al. (1987) suggested that direct 
selection for ear moisture content at or near physiological maturity 
may be an efficient selection procedure for reducing ear moisture at 
harvest. Two procedures to change ear drying rates were tested: 
selection for slow relative moisture loss in the laboratory (SD) and 
selection for ear moisture at 45 days post pollination (LM). SD method 
changed field harvest moisture by -6.73 g per Kg per cycle and produced 
correlated reductions in ear length, kernels per ear, kernel rows per 
ear, ear weight, and root lodging. LM method changed ear moisture by 
-7.15 g per Kg per cycle and correlated increases in test weight and 
decreases in stalk lodging were observed. Neither yield nor silking 
dates were changed by the selection methods. 
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Prolificacy in maize has been reported to have a high positive 
genetic correlation with grain yield and a higher herltabllity than 
grain yield (Hallauer and Miranda 1988). Therefore, an appreciable 
improvement in grain yield is expected through selection for 
prolificacy. 
As mentioned by Jenkins (1936), Bldwell proposed in 1867 mass 
selection for prolificacy as a procedure to Increase yield in a maize 
population. Lonnquist (1967) and Mareck and Gardner (1979) reported 
that selection for prolificacy resulted in greater Improvement in grain 
yield as a correlated response than direct selection for grain yield. 
Mies (1979) reported a correlated response of 3.3% in grain yield from 
selection for prolificacy. Singh et al. (1986), selecting for 
prolificacy, reported a significant correlated Increase of 4.5% per 
cycle for grain yield; also, plant height, ear height, and days to silk 
decreased as a result of selection for prolificacy. Coors and Mardones 
(1989) evaluated 12 cycles of mass selection for prolificacy in the 
'Golden Glow' maize population. They reported a direct response of 
2.4% per cycle for prolificacy and a correlated response of 2% per 
cycle for yield when the evaluation was in different plant densities. 
The direct response was 3.3% per cycle and the corresponding correlated 
response was 3% for yield when the evaluation was at two fertilization 
levels. Grain moisture, flowering dates, and the period between silk 
emergence and anthesis decreased with selection. A significant 
correlation between ears per plant and grain yield per plant also was 
reported. 
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Prolificacy has been reported to impart stability of yield, 
particularly under stress environments (Zuber et al., 1960; Collins et 
al., 1965; Russell, 1968; Hallauer and Troyer, 1972; Prior and Russell, 
1975). Compton et al. (1979) reported that selection for prolificacy 
and adaptation resulted in increased plant and ear height and slight 
increase in days to maturity. 
Maize workers have reported a significant positive correlation 
between grain yield and either plant (Green, 1955; Lindsey et al., 
1962; Yamaguchi, 1974; Moll and Kamprath, 1977) or ear height (Acosta 
and Crane, 1972; Josephson and Kincer, 1977). Yield increases with 
reductions in plant and ear height were observed by Moll and Stuber 
(1971), Jinahyon and Moore (1973), Moll et al. (1978), and Pandey et 
al. (1986; 1987). Yield increase with no relationship to height was 
reported by Moll and Robinson (1966) and Silva and Lonnquist (1968). 
Johnson et al. (1986) used recurrent selection for reduced plant 
height in a tropical maize. After 15 cycles of selection a direct 
response of 2.4% per cycle for reduced plant height was reported. A 
correlated response also was reported. At optimum density, grain yield 
increased 4.4% per cycle. Total lodging, barrenness, days to 
flowering, and leaves per plant were reduced. When grown at or near 
their optimum densities for grain yield, leaf area index and total dry 
matter per unit area at harvest for selected cycles were similar. 
Yield improvement was associated with a linear increase in harvest 
index from 0.30 (CO) to 0.45 (C15). 
Bell et al. (1983) used 11 cycles of mass selection for field 
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emergence and seed weight In a sh2 population of maize. They reported 
a direct response of 3.3% per cycle for seed weight and correlated 
responses of Increased plant and ear height and germination percentage. 
Date of flowering showed no significant change. 
Odhlambo and Compton (1987) reported 20 cycles of divergent mass 
selection for seed size In maize. Selection for smaller seeds resulted 
In a significant Increase In the number of seeds harvested per square 
meter even though yield was significantly reduced. Selection for 
larger seeds had no significant effect on yield. 
Paternlanl (1967) applied modified ear-to-row selection In Paullsta 
Dent population. Selection was mainly for yield, although some 
attention was given to lodging, lower ear height, and disease 
resistance. After three cycles of selection, a yield Improvement of 
11.6% per cycle was obtained. Substantial Improvement was shown also 
for lodging resistance and freedom from diseases. Less progress was 
evident in reducing ear height. 
Lamkey and Hallauer (1984) emphasized the importance of the 
partitioning of the photosynthate when improving yield and stalk 
quality. They observed that BSL(S)C6, developed by six cycles of 
recurrent selection for stalk quality per se, had better stalk quality 
but significantly lower yield than BS12(HI)C7 and BS18, which were 
developed by recurrent selection for yield. 
Thompson (1963, 1972, 1982) reported significant improvement for 
resistance to stalk lodging, rind strength, and crushing strength, but 
grain yield decreased significantly after seven cycles of selection in 
two synthetics of maize. Jinahyon and Russell (1969) reported that, 
after three cycles of Si recurrent selection for resistance to Diplodla 
mavdls stalk rot, there were significant increases in plant and ear 
height, days to silking, and grain moisture, but no significant change 
in grain yield. Zuber (1973) reported no change in grain yield after 
selecting for stalk crushing strength although maturity was delayed and 
both the plant height and test weight were Increased. Davis and Crane 
(1976) showed a reduced grain yield after three cycles of mass 
selection for rind thickness. Martin and Russell (1984), after three 
cycles of SI recurrent selection for resistance to stalk rot, reported 
a decrease in yield. However, most of the yield reduction occurred in 
the second and third cycles of selection, whereas most of the progress 
for stalk quality was made during the first two cycles of selection. 
Rehn (1985) and Rehn and Russell (1986) reported that selection for 
stalk quality caused a decrease in harvest index over cycles of 
selection. Selection for resistance to the European corn borer 
fOstrinia nubllalls) however, resulted in a general loss of vigor with 
no change in photosynthate partitioning. Nyhus et al. (1989a) reported 
the results of four cycles of SI recurrent selection for resistance to 
first generation European corn borer and Diplodla (Diploidla mavdls) 
stalk rot in two maize synthetics (BSAÂ and BSBB). Highly significant 
grain yield reductions were observed In both synthetics per se and 
averaged 20% from the CO to the C4 in the absence of disease or insect 
pressure. The decrease in yield was accompanied with decreasing ear 
length, days to flowering, and plant height. Response of most of the 
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agronomic traits evaluated was associated with allelic frequency 
changes resulting from selection. In the same selection program, Nyhus 
et al. (1989b) reported highly significant improvements in resistance 
to anthracnose stalk rot (Colletotrichum yraminicola) in both 
synthetics and suggested that a genetic correlation exists between 
Diplodia and anthracnose stalk rot resistance. No concomitant 
improvement in northern corn leaf blight (Exserohilum turcicum) 
resistance over cycles of selection for European corn borer was 
observed in their study. 
The relation between yield and quality traits in maize has been 
reported. Dudley and Lambert (1969), after 65 generations of selection 
for oil and protein in maize, reported that the magnitude of the 
correlated response varied with the direction of selection, and 
concluded that altering either oil or protein content in an ordinary 
maize selection program is unlikely to lead to major changes in the 
other character. Miller et al (1981) reported that selection for oil 
in maize did not have a significant correlated effect on grain yield. 
Famin et al. (1986) found an increase in linoleic acid concentration 
with selection for oil concentration in 'Nebraska B' synthetic. 
However, an opposite pattern was reported for 'Nebraska Krug' 
synthetic. Mlsevic and Alexander (1989) reported the results of 24 
cycles of phenotypic recurrent selection for percent oil in 'Alexho' 
synthetic maize population. Total oil concentration increased by 118 g 
per Kg of dry matter in cycles per se; the rate of response in oil 
concentration was 4.9 g per Kg per cycle. Oleic and linoleic acid 
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concentration changed with selection for oil concentration of -1.39 and 
1.39 g per cycle, respectively. Total yield decreased by 1718 Kg per 
ha which corresponds to a response of -71.6 Kg per ha per cycle. Plant 
height, ear height, 500-kernel weight, ear length, and lodging 
decreased, while grain moisture and ear-row number Increased with 
selection for greater oil concentration. No change was found In days 
to silk. 
Stability Analysis 
The concept of 'homeostasis' was defined by Cannon (1932) to 
describe an organism which maintains certain aspects of Its physiology 
constant. In spite of environmental forces tending to disturb this 
constancy. Lerner (1954) applied the concept of homeostasis to genetic 
populations of organisms and proposed that heterozygosity provides a 
mechanism for maintaining genetic variability and plasticity. This has 
lead to a greater emphasis on phenotypic stability in breeding 
programs. Phenotypic stability has been extensively studied, although 
the concept of stability is defined in many ways depending upon how the 
scientist looks at the problem. In all the Instances, however, the 
concept of stability implies the consistent performance of genotypes 
through a series of environments. 
The existence of interactions between genotypes and environmental 
factors was recognized as early as 1923 (Fisher and Mackenzie, 1923). 
The fundamental importance of genotype-environment (GE) interactions 
for geneticists is an understanding of the causes of interactions in 
terms of biometrical-genetical parameters. Evidence has been 
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accumulated which shows that the magnitude of the Interaction of a 
genotype with the environment Is subject to genetic control (Perkins 
and Jinks, 1971). Plant breeders, on the other hand, wish to minimize 
the effects of GE-Interactions on their field trials. In selection 
programs, the effect of GE reduces the progress from selection 
(Comstock and Moll, 1963). Sprague (1963) summarized the importance of 
GE-Interactions as follows: 'one is plagued, however, by the rather 
disturbing feeling that each genotype may have its own characteristic 
environmental response. Whether this is true, it appears that the 
problem of GE-interaction has received much less attention than its 
importance may justify'. 
The definitions of stability are many and varied; however, 
regardless of the precise mechanisms employed, the end-result should be 
measurable in terms of GE-interactions (Allard and Bradshaw, 1964). 
Methods have been proposed either to estimate phenotyplc stability or 
to analyze GE-Interactions: univariate parametric stability 
statistics, univariate nonparametric stability statistics, and 
multivariate analysis. 
1. Univariate Parametric Methods 
The analysis of variance (ANOVA) to investigate GE-interactions has 
been used for many authors (Fisher and Mackenzie, 1923; Immer et al. 
1934; Salmon, 1951; Sprague and Federer, 1951; Comstock and Robinson, 
1952; Hanson et al. 1956; Plalsted and Peterson, 1959; Comstock and 
Moll, 1963). Sprague and Federer (1951) showed how variance components 
35 
could be used to separate the effects of genotypes, environments, and 
their Interactions by equating the observed mean squares In the 
analysis of variance to their expectations. When interactions are 
present, estimates of main effects are conditional; that is, one can 
only validly assert that genotypic effects are as observed in a 
particular set of environments, not over all possible environments 
(Jones and Mather, 1958; Freeman, 1973). When an interaction is 
largely expressible in terms of a linear effect, it may be reasonable 
to assume that for a new environment with a mean in the range of those 
tested the genotypes will behave in the same relative manner as before. 
Wricke (1962) proposed using the ecovalence (W^ ) as a measure of 
stability. Ecovalence was defined as the GE-Interaction effects for 
each genotype, squared, and summed across all environments. A genotype 
with W^ -O was regarded as stable. 
Shukla (1972) proposed the stability variance (or|) as an 
umblased estimate of the variance of (ge)jj + e^ j for genotype 1. The 
stability variance is a linear combination of the ecovalence and, therefore, 
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both W^  and (ffj) are equivalent for ranking purposes. 
Becker and Leon (1988) mentioned that by far the most frequently 
used method for estimating stability in breeding programs is that 
involving regressions. The regression method has been described and 
elaborated by Mooers (1921); Strlngfield and Salter (1934); Yates and 
Cochran (1938); Finlay and Wilkinson (1963); Eberhart and Russell 
(1966); and Perkins and Jinks (1968). 
Authors have described stability parameters obtained from the 
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regression approach. Flnlay and Wilkinson (1963) used the regression 
coefficient (b^ ). The observed values are regressed on environmental 
indices defined as the difference between the marginal mean of the 
environments and the overall mean. Genotypes with slope near 1.0 and a 
high mean yield were regarded as being well adapted to all 
environments. As the mean yield decreased, genotypes with high or low 
slopes were regarded as being specifically adapted to favorable or 
unfavorable environments, respectively. 
Perkins and Jinks (1968) used a regression coefficient similar to 
Flnlay and Wilkinson's regression coefficient except that the observed 
values were adjusted for location effects before performing the 
calculations. 
Eberhart and Russell (1966) used the regression coefficient and the 
deviations from the regression line as another important component of 
varietal stability. A stable variety being one with a regression 
coefficient near 1.0 and with a small sum of squared deviations. 
Tai (1971) used essentially the same approach as Eberhart and 
Russell (1966) when the environmental index is assumed to be random. 
In relation to the stability parameters, Becker and Leon (1988) 
concluded that the regression approach is of little use if bj^  is 
included in the definition of stability; b^  must be considered as 
additional information on the average response of a genotype to 
environmental conditions. They mention the following criticisms to the 
interpretation of the regression coefficient: 
a. The environmental index is not independent of the data analyzed 
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because it is extracted from the whole set of data. 
b. Regression coefficients are biased because the assumption of 
the regression analysis, that the Independent variable (the 
environmental mean), is measured without error, could not be met. In 
order to obtain an unbiased estimate of the regression coefficient, 
points on the abscissa should be known precisely and occur at equal 
Intervals over the observed range (Freeman and Perkins, 1971). 
c. If the error variance between environments Is not homogeneous, 
when applying weighted regression analysis with reciprocals of the 
error variances as weights, the absolute values of the regression 
coefficient did not change nor did their errors. 
Skroppa (1984), mentioned by Becker and Leon (1988), stated that 
'with large numbers of genotypes, environments, and replications, with 
no outliers of either genotyplc or environmental effects and with 
homogeneous error variances of genotypes, as usually assumed in 
analysis of variance, the regression approach should be statistically 
valid'. 
In conclusion, as mentioned by Hill (1975) 'the linear regression 
technique will continue to play an Important part in furthering our 
understanding of GE-interactions because despite its imperfections, it 
does have the twin merits of simplicity and biological relevance'. 
Also, he points out that some biological problems can be most 
effectively solved by multivariate techniques. 
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2. Univariate Nonparametric Methods 
Nonparametric stability statistics may be based on rank rather than 
Individual values and they are distribution-free; consequently, no 
assumption on the distribution of the individual values is necessary 
and are not affected by outliers as are parametric estimates (Nassar 
and Huhn, 1987). 
Rank orders of genotypes are established for each environment 
separately. Then the varying ranks of any genotype are used to 
estimate the phenotypic stability of genotypes. 
Further advantages are that the nonparametric stability statistics 
are expected to be less sensitive to errors of measurement than the 
parametric estimates. Loss of information, however, is associated with 
the application of rank orders to estimate phenotypic stability because 
some minor GE-interactions effects do not result in varied rank orders. 
3. Multivariate Methods 
Multivariate methods Include multivariate analysis of variance 
(MANOVA), cluster analysis, principal component analysis, geometrical 
methods, stochastic dominance, and methods using external information 
on environments or genotypes (Becker and Leon, 1988). Seal (1964) 
mentioned that the end result of the multivariate methods is the 
'parsimonious summarization of a mass of observations'. 
Multivariate techniques of analysis are essentially an extension of 
the univariate techniques. In general, genotypes are assigned to 
qualitatively homogeneous stability subsets. It is expected no 
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significant GE-interaction occurs within each subset, while differences 
among subsets are due to GE interactions. 
MÂNOVA technique is used when several dependent variables are 
studied simultaneously. A significant effect that only becomes 
apparent when all the dependent variables are studied simultaneously 
may not be discovered from the univariate analysis alone; consequently, 
when dealing with multivariate data, it is advisable to first examine 
the results of the multivariate tests and to examine the univariate 
analyses only if significant results were found in the multivariate 
analysis. 
Johnson and Wlchem (1988) considered two hierarchical clustering 
methods. In the agglomerative hierarchical method, there are, 
initially, as many clusters as objects. The more similar objects are 
first grouped. These initial groups are merged according to their 
similarities. In the divisive hlerachlcal method, an initial single 
group of objects is divided into two subgroups; then, they are further 
divided into dissimilar subgroups; the process continues until there 
are as many subgroups as objects. In summary, the objective for use 
cluster analysis is to find similarities between clusters 
(environments) on the basis of measurements taken on the individuals 
(genotypes) of a cluster. 
Williams (1952) showed that least squares estimation of the 
regression coefficients was equivalent to extracting the first 
principal component of genotypic performance. Further, other principal 
components can be extracted. The principal component approach may be 
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useful when regression on the environmental mean shows wide deviations 
from the linearity (Freeman, 1973). The chief difficulty Is the 
Interpretation of the resulting principal components which may not bear 
any obvious relationship to environmental conditions. 
According to Westcott (1986), the basic aim of geometrical methods 
Is to represent each object (genotype or environment) by a point In 
some Euclidean space so that objects which are similar to one another 
are represented by points which are close together. The configuration 
of points is then Investigated to detect any underlying structure. 
Unlike cluster analysis, no structure is forced on the data. 
The method of using stochastic dominance to analyze GE-Interactions 
has been relatively unexplored, Menz (1980) analyzed a series of wheat 
experiments and reported that lines which are stochasticaly dominant 
('risk-efficient') exhibit a particular type of environmental 
adaptation because their performance is relatively good in poor 
environments. 
The use of external variables to assess the environment is based on 
the study of the regression of plant traits, yield for instance, on 
environmental variables. Another approach is to regress simultaneously 
on the genotypic mean over all environments as well as the 
environmental mean as suggested by Wright (1971). Hardwlck and Wood 
(1972) recommended multiple regression on environmental variables as a 
means of finding the underlying causes of observed regression on the 
environmental mean. However, the main limitation of this procedure is 
that environmental measurements are very seldom available and often 
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several of them are Intercorrelated (Becker and Leon, 1988). 
Explanation of Thesis Format 
This dissertation Is organized in two sections. Section I refers 
to the direct response to selection for earllness In the Compuesto 
Seleccion Frecoz population. Section II Includes the correlated 
response to selection for earllness on yield, plant height, ear height, 
root lodging, stalk lodging, grain moisture, and leaf area. 
Each section constitutes a manuscript to be submited to a 
professional Journal, Following section II a General Discussion and 
Conclusions are Included. 
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SECTION I: DIRECT RESPONSE TO SELECTION FOR EARLINESS 
Abstract 
Earllness is an Important trait for many tropical maize cultivars 
for a brief rainy season or for a specific cropping sequence. 
Selection has been used successfully to decrease days to flowering in 
maize at temperate environments. Half-sib family selection in 
Compuesto Selecclon Precoz population, a tropical cultlvar, was 
performed as a method to decrease days to flower and retaining 
relatively high yield. The objectives of this study were to evaluate 
the direct response to selection for earllness; to estimate the genetic 
contribution to the mean of the base population and the selected 
cycles; and to evaluate the effect of selection in relation to 
stability for time to flowering across environments. 
Fifteen cycles of selection for earllness in Compuesto Selecclon 
Precoz population were available for this study. We evaluated cycles 
CO, C3, C6, C9, C12, and CIS per se and selfed; a diallel between 
cycles per se was generated and each of these crosses was selfed and 
random mated. The evaluation was performed at 13 environments from 
North, Central, and South America. Least squares estimates were used 
to evaluate the response to selection. Smith's (1983) model was used 
to estimate the genetic contribution to the population mean. Eberhart 
and Russell's (1966) method was used in the stability analysis. 
Compuesto Selecclon Precoz population performed as a cultlvar 
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earlier than entry checks at all tropical environments. Time to 
flowering for cycles selfed was greater than for cycles per se and the 
Inbreeding depression was 4.8%. Dominance for lateness was observed 
when crossing between cycles of selection and the heterosis was 2.4%. 
The additive genetic variance, measured as the linear component of the 
model when partitioning cycles per se, accounted for 89% of the total 
genetic variance. Parameters from the Smith (1983) model showed that 
the homozygotes and heterozygotes were highly significant for both the 
CO and the selected cycles, but the homozygous contribution was more 
important. The effect of Genetic drift was highly significant because 
of assortative mating, which excluded the very late plants when the 
crosses were generated, being the probable cause. Average response to 
selection was to decrease time to flowering about 0.5 days per cycle of 
selection. The Eberhart and Russell (1966) stability analysis showed a 
tendency to decrease the linear regression coefficient with selection. 
Introduction 
Progress from selection is directly proportional to the degree of 
resemblance between progenies and the selected parents. The 
relationship between the selection unit and the individuals descendant 
from the selected parents is important for calculating the expected 
progress from selection (Hallauer and Miranda, 1988) . In half-sib 
family selection, the covarlance between half-sib families is a quarter 
of the additive genetic variance. 
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Half-sib family selection evaluates half-sib families that were 
formed by crossing the parental population to a desirable tester. The 
tester can be of broad genetic base (the parent population, a 
synthetic, or an open-pollinated variety) or of narrow genetic base (an 
Inbred line or a single cross). In both Instances the concepts of 
general and specific combining ability, introduced by Sprague and latum 
(1942), are related with the tester genetic base. 
The available additive genetic variance in a population determines 
the gain from selection and genetic variances are not expected to 
change appreciably in short-term selection experiments (Hallauer and 
Miranda, 1988). As indicated by Eberhart (1961), the magnitude of 
changes in genetic variances varies according to gene frequency and the 
level of dominance in the population; the changes are small when q is 
near 0.5 and greater when q is near to 0 or 1.0. Hallauer (1965) 
reported that the largest proportion of the total genetic variance for 
time to flowering in maize is additive. 
The main selection criterion in most breeding programs in maize has 
been grain yield, and studies reported that the additive variance was 
the largest component of the total genetic variability (Robinson et 
al., 1955; Gardner and Lonnquist, 1959; Lindsey et al., 1962; Gardner, 
1963; Moll et al., 1964; Compton et al., 1965; Williams et al., 1965; 
Eberhart et al., 1966; Sentz, 1971; Wright et al., 1971; Sllva and 
Hallauer, 1975). Compton et al. (1955) reported that additive gene 
effects with no more than partial to complete dominance was the primary 
cause of genetic variation in open-pollinated varieties. 
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No apparent reduction of additive genetic variance has been 
reported after performing different methods of recurrent selection: 
mass selection (Lonnqulst et al., 1966); modified ear-to-row selection 
(Darrah et al., 1972); half-sib selection (Eberhart et al., 1973); 
full-sib selection (Moll and Robinson, 1966); and reciprocal recurrent 
selection (Moll et al., 1977; Obilana and Hallauer, 1977; Martin and 
Hallauer, 1980). The results reported by Dudley (1977) suggest that 
the limits of selection were not reached in either direction after 76 
generations of selection for oil content in maize. On the other hand, 
a decline in genetic variance has been reported in other short-term 
experiments (Paternlanl, 1967; Burton et al., 1971; El-Roubl et al., 
1971; Moll and Smith, 1981; Mulamba et al., 1983; Sullivan and 
Kannenberg, 1987). A reduction in the genetic variance also has been 
reported after applying different methods of recurrent selection, such 
as mass selection (Harris et al., 1972), modified ear-to-row 
(Paternlanl, 1967; Webel and Lonnqulst, 1967), half-sib selection 
(Goulas and Lonnqulst, 1976; Mulamba et al., 1983), full-sib selection 
(Sllva and Lonnqulst, 1968), and reciprocal recurrent selection (Penny 
and Eberhart, 1971; Moll and Smith, 1981). 
The choice of the selection method depends on breeding program 
goals and available resources. For traits whose heritabillty is 
relatively high, mass selection would be a good choice. For more 
complex traits, such as yield, family selection is advisable. 
Successful results with use of mass selection have been reported 
for disease resistance (Jenkins et al., 1954; Center, 1976), ear and 
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plant height (Smith, 1908; Acosta and Crane, 1972; Center, 1976; Mareck 
and Gardner, 1976), ear length (Cortez-Mendoza and Hallauer, 1979), ear 
moisture content (Cross, 1985; Cross et al., 1987), grain protein and 
oil (Smith, 1908; Woodworth et al., 1952), Insect resistance (Zuber et 
al., 1971), pericarp thickness (Ito and Brewbaker, 1981), seed size 
(Odhlambo and Gompton, 1987), and seedling emergence (Bell et al., 
1983) . There are also reports which show gains in yield with mass 
selection (Gardner, 1961 and 1973; Johnson, 1963; Lonnqulst et al., 
1966; Center, 1976; Mareck and Cardner, 1979; Barrlga, 1982; Vargas et 
al., 1982), modified ear-to-row selection (Faternlanl, 1967; Webel and 
Lonnqulst, 1967; Compton and Bahadur, 1967), and half-sib selection 
(McCill and Lonnqulst, 1955; Lonnqulst, 1968; Duclos and Crane, 1968; 
Eberhart et al., 1973; Coulas and Lonnqulst, 1976). 
Selection for earllness has been achieved successfully using mass 
selection (Hallauer and Sears, 1972; Troyer and Brown, 1972 and 1976; 
Center, 1976; Mareck and Cardner, 1979; Troyer and Larkins, 1985). 
Half-sib family selection also has been used effectively for 
earllness. Reports from CIMMYT (1984) indicated that 12 cycles of 
selection in Compuesto Seleccion Frecoz population at the location 
where the selection was performed resulted in a 10% reduction in time 
to flowering. In the same population, Narro (1988) evaluated 15 cycles 
of selection at three locations other than where selection was 
performed. His results showed that selection was effective in reducing 
days to flowering at the three locations. Although the location x 
cycles interaction was highly significant, days to flowering decreased, 
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on the average, 0.85 days per cycle of selection. 
In selection programs, the effect of genotype by environment (GE) 
Interactions reduces the progress from selection (Comstock and Moll, 
1963) and GE-interactions are related to phenotyplc stability. 
Different methods to study phenotyplc stability are available, such as 
univariate parametric, nonparametrlc methods, and multivariate 
analysis. Among these methods, the regression analysis, which Is an 
univariate parametric method, has been the most widely used in 
stability analysis (Becker and Leon, 1988). 
The population Compuesto Seleccion Precoz was used in the present 
study. Fifteen cycles of half-sib selection were performed on this 
population in two Mexican tropical environments. The objectives of 
this study were; a) to evaluate the direct response to selection 
measured as days to flowering, b) to estimate the contribution of 
homozygotes and hétérozygotes to the mean of the populations using the 
Smith (1983) model, and c) to perform a stability analysis using the 
Eberhart and Russell (1966) method. 
Materials and Methods 
Compuesto Seleccion Precoz population has been used to evaluate the 
direct response to selection for earlier flowering. This population 
was formed by CIMMYT in 1975 (CIMMYT, 1981) to develop an earlier 
maturity population from a relatively late population, while retaining 
relatively high yield. A half-sib recurrent selection program at two 
locations in Mexico was used with primary emphasis given to selection 
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for earlier flowering. Two cycles of selection were performed each 
year since 1976. 
Seed from six cycles of selection (i.e., cycles CO, C3, C6, C9, 
C12, and C15) was increased in Peru in 1987. During 1988, the 
additional experimental material included in this study was generated 
in Cali, Colombia. The experimental materials included cycles per se 
(six entries) self-pollinations of cycles per se (six entries), cycle 
crosses (15 entries) formed by a diallel among cycles CO, C3, C6, C9, 
C12, and CIS, cycle crosses selfed (15 entries) formed by selfing each 
of the 15 crosses generated in the diallel, and cycle crosses random 
mated (15 entries). The experimental materials evaluated included the 
57 entries from the selection study and seven checks. The seven checks 
included four that were the same in all locations ('tropical checks') 
and three that were chosen at each experimental location. 
The experiments were planted in 1989 at 15 locations in North and 
South America. CIMMYT was responsible for the materials increased and 
the coordination with the Maize National Programs for planting the 
experiments. The countries participating in the study and the number 
of experiments at each country were Colombia (4), Ecuador (2), Peru 
(2), and Venezuela (2). Two experiments were planted in Mexico by 
CIMMYT, and three experiments were planted at three sites (Ames, 
Martinsburg, and Crawfordsville) in Iowa provided by Iowa State 
University. Experiments at Ames and Crawfordsville were discarded 
because of drought conditions. 
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The experimental design used at each location was an 8 x 8 triple 
lattice. The experimental unit was a four-row plot. The plots were 
ovefplanted and thinned to a density equivalent to 50,000 plants per 
hectare (ha). Conventional cultural practices from planting to harvest 
were performed In all locations. All the experiments, except at 
Martlnsburg, were hand harvested. 
The data collected In the experiments Included stand (plants per 
ha), male flowering (days from planting date to 50 % anthesls In each 
plot), and female flowering (days from planting date to 50 % of plants 
in each plot with silks exposed). Female flowering was recorded in all 
locations from the tropical environments (Colombia, Ecuador, Mexico, 
Peru, and Venezuela). Male flowering was recorded in almost all 
locations from tropical environments and was particularly Important at 
Ames in the United States, where, photoperlod and the high Infestation 
of smut fUstllago mavdls) created problems in evaluating silk date; the 
female flower of many plants was Infected by U. mavdls. For this 
reason, flowering date is reported as days to female flowering in 
tropical environments and days to male flowering at Ames. 
Analyses of variance (ANOVA) were performed for each experiment and 
combined over environments. Environments (locations) were considered 
as random effects and entries as fixed effects. The partition of the 
entry sum of squares was performed according to the objectives of the 
study. The performance of entries across environments was studied 
using the Eberhart and Russell (1966) stability parameters model. 
Entry means adjusted for block effects were used in the generation 
50 
mean analysis suggested by Smith (1983). The model provides 
Information of the contributions of additive and dominance gene effects 
to the response to selection as well as provides estimates of the 
effects of genetic drift because of small population size. The genetic 
parameters calculated in this study included: 
AOI - n/a-p + (2p-l) [a/<7p], the mean of random inbred lines from 
cycle 0. 
DOI - p(l-p) [d/(7p], the decrease in population mean after one 
generation of self-pollination. 
ALI - Ap[a/ap], one half the change in the population mean after 
one cycle of selection due to the effects of homozygous loci. 
DLI - Ap (l-2p) [d/Pp], one half the change in the population mean 
after one cycle of selection due to the effect of heterozygous 
loci. 
DQI - (Ap)2 [d/<7p] , one half the change In the population mean 
after one cycle of selection due to the effect of genetic drift. 
Where: /u - the mean of the base genotype; 
oTp - the phenotypic standard deviation; 
p - the initial frequency of a particular allele (G^ ) at the 
1^  ^locus; 
Ap - the change in frequency for the Gi allele after one cycle 
of selection. 
a - one half the difference in genotyplc value for the 
homozygous genotypes [1/2 (G^ Gj^  - g^ g^ )]; and 
d - genotyplc value of G^ g^  genotype as a deviation from the 
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mean of the homozygous genotypes [G^ gj. - 1/2 (Gj^ G^  + gj^ gj^ )]. 
Genetic parameters (/3) were estimated using P - (X'X)"^ X'Y, 
where X - matrix of dimensions n x m; with n the number of entries and 
the number of genetic parameters; 
Y - a column vector of dimension nxl. 
1 9 The covariance-variance matrix for p is (X'X)" a /re, 
where 
- mean square for entry by environment; 
r - number of replications; and 
e - number of environments. 
Results and Discussion 
Analysis of variance for days from planting to flowering, combined 
across environments, is presented in Table 1. The efficiency of 
lattice design was important for some traits in some environments, and 
entry means adjusted by block effects were used in the present study. 
There were highly significant difference (P<0.01) among environments. 
The great diversity of environments included in this study contributed 
to this response (Table Al). 
The means for days from planting to flowering for 13 environments 
from six countries where the trials were planted are listed in Table 
2. Tropical environments were represented by Colombia, Ecuador, 
Mexico, Peru, and Venezuela, while Ames, in the United States, 
represented the only temperate environment. There was considerable 
variation among environments in the tropical region. This variation. 
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Table 1. Combined analysis of variance for days to flowering for the 
evaluation of 15 cycles of half-sib selection for earlier 
flowering in Compuesto Seleccion Precoz population across 12 
environments 
Source df Flowering mean squares 
Environments (E) 11 483.83** 
Reps/E 24 20.66** 
Entries (G)® 60 12,05** 
Cycles (C) 11 21.27** 
Per se 5 22.52** 
Linear 1 100.48** 
Quadratic 1 3.78 
Lack-of-fit 3 2.82 
Self 5 11.80** 
Per se vs self 1 62.41** 
Cycle crosses (Cr) 44 9.71** 
Per se 14 7.97** 
Random mated (RM) 14 7.80** 
Self 14 7.49* 
Per se vs self 1 22.80* 
Per se vs RM 1 28.22** 
Checks (Ck) 3 10.49** 
Ck vs (Cr & C) 1 28.45** 
Cr vs C 1 0.14 
G X E 660 3.58** 
Pooled error 1260 2.37 
General Mean, No. days 
Coefficient of variation. % 
54.81 
3.58 
I^t only includes entries evaluated at the 12 environments. 
*, **Signifleant at the 0.05 and 0.01, respectively. 
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measured as the average days from planting to flowering for cycles per 
se, varied from 44.4 In Turlpana, Colombia to 64.6 In Chlclayo, Peru 
(Table 2). There are many reasons for this variation although the most 
Important is the average temperature at each environment. The average 
temperature for Turlpana was 29°C and for Chlclayo was 19.5°C. On 
the average of cycles per se, days to flowering were 53.5 in tropical 
environments and 79.6 for the temperate environment. Tropical 
germplasm evaluated under temperate regions delayed the time to 
flowering 26.1 days because of the long daylight at this environment. 
For instance, in Ames days to male flowering for cycles 0 and 15 were 
85.3 and 75.7 days, respectively. Days from planting to female 
flowering were greater and, in some entries, it was not possible to 
record days to female flowering because of the Intense smut (Ustilago 
mavdis) infection on the female flowers. Photoperlod sensitivity is 
the most Important factor that needs to be considered to adapt tropical 
materials to temperate regions (Brown, 1975; Hallauer, 1980). Similar 
results were reported by Narro (1988) and Kim and Hallauer (1989). 
Days to flowering for checks were 6.3 days later than cycles per se 
over tropical environments (Table 2). Of the seven checks, four were 
tropical checks (entries 58 to 61) and were Included in all 
environments and represent materials with good average performance at 
these environments; the other three checks (entries 62 to 64), were 
chosen at each location and represent adapted populations or hybrids 
for each particular location (Table A2). 
The source of variation checks vs crosses and cycles was highly 
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Table 2. Means for days from planting to flowering at 13 environments 
and inbreeding depression (%) for the evaluation of 15 cycles 
of half-sib selection for earlier flowering in Compuesto 
Seleccion Precoz population and check entries 
Country & Cycles Inbreeding 
Environment Per se Self depression Checks* 
% no. 
Colombia 50.4 5&2 -4jj6 55.2 
Turlpana 44.4 45.3 49.8 
Cali-A 53.8 56.1 57.4 
Palmira 53.3 56.6 59.4 
Cali-B 50.2 52.8 54.3 
Ecuado? 54.0 57J, 
-Sal 58.6 
Pichilingue 57.2 60.9 61.8 
Portoviej o 50.8 53.3 55.3 
Mexico 53.9 5êu4 19J[ 
Tlaltizapan 56.8 58.8 63.4 
Poza Rica 51.0 53.9 56.9 
Peru 57,4 60j. 
-kJ. 61^  
Chiclayo 64.6 67.3 74.6 
Jaen 50.1 52.9 56.5 
The United States 79.6 80.6 
-1^  29^  
Ames 79.6 80.6 79.6 
Venezuela 55.0 57.6 
-kJ. 60.6 
Maracay 53.4 55.6 59.2 
Santa Cruz 56.6 59.7 62.1 
Mean 
Tropical 53.5 56.1 -4,8 59.8 
Temperate 79.6 80.6 
-i^  79.6 
A^verage for seven check entries evaluated at each environment. 
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significant (Table 1). Compuesto Selecclon Precoz population flowered 
6.3 days earlier than checks on the average for the 12 tropical 
environments (Table 2). This difference was greater when we.consider 
only checks for a particular environment (entries 62, 63, and 64). 
Adapted materials at these environments have a larger vegetative period 
than the Compuesto Selecclon Precoz population. This difference was 
greatest at Chlclayo where the average for entries 62 to 64 is 81.8 
days (Table 3) while the mean for cycles per se is 64.6 days (Table 
2). That is, Compuesto Selecclon Precoz population flowered 17.2 days 
earlier than adapted materials (checks) at this environment. This 
should be an Important characteristic for Compuesto Selecclon Precoz 
population if simultaneously there were no significant differences In 
other Important agronomic traits, such as yield, plant height, lodging, 
etc. 
At the temperate environment (Ames), average time from planting to 
flowering for checks and cycles per se were the same (79.6 days). 
There were, however, differences between 'tropical checks' and checks 
for the Corn Belt. The average for adapted entries 62 to 64 at Ames 
was 72.7 days (Table 3) compared with 79.6 days for the mean of cycles 
per se (Table 2). Entries 62 and 63 were the earliest flowering and 
were the entries with better performance at Ames, Entry 62 (BS16) was 
developed by mass selection for adaptlveness in 'ETO Composite', a 
tropical cultivar. Entry 63 (BSTL) was derived from a cross between 
the Mexican race, 'Tuxpeno', and 'Lancaster Surecrop', a cultivar from 
the United States. Tropical materials planted in the U. S. Corn Belt 
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Table 3. Observed means for days from planting to flowering for the 
check entries Included In the evaluation of 15 cycles of 
half-slb selection for earlier flowering in Compuesto 
Seleccion Precoz population across 13 environments 
Environment 
Check entries 
All environments 
58 59 60 61 
Each environment 
62 63 64 Mean 
-no. 
Turipana 44 .2 44.9 48.8 47.9 53.3 54.5 55.2 49.8 
Call A 55 .0 53.4 57.5 56.9 54.2 63.7 60.8 57.4 
Palmira 55.9 55.9 58.1 58.2 63.5 63.8 60.1 59.4 
Call B 50.0 51.8 55.4 54.3 51.4 60.8 56.3 54.3 
Pichllingue 58 .4 58.4 62.8 63.0 63.6 63.4 63.0 61.8 
Portoviej o 51, ,1 51.5 54.2 55.1 59.6 61.0 54.8 55.3 
Tlaltizapan 58, ,1 58.6 63.2 61.6 68.4 68.6 65.6 63.4 
Poza Rica 52, ,2 49.6 55.8 53.2 58.6 57.8 57.0 54.9 
Chiclayo 67. 5 67.4 72.1 69.9 80.7 82.3 82.4 74.6 
Jaen 51. 6 52.3 53.4 52.3 62.9 62.6 59.9 56.5 
Ames 83.0 80.7 87.3 88.0 70.0 70.0 78.0 79.6 
Maracay 55. 5 54.6 57.6 58.1 60.6 66.1 61.5 59.2 
Santa Cruz 57. 6 58.9 60.8 61.1 64.9 68.9 62.3 62.1 
Mean 56.9 56,8 60.5 60.0 
E^ntries are different for each environment. 
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are too late and tall for direct use (Hallauer and Sears, 1972; Narro, 
1988; Kim and Hallauer, 1989), but these exotic materials, after 
selecting for adaptiveness, could be useful germplasm in breeding 
programs. 
There was a highly significant difference for cycles per se and for 
cycles self (Table 1). Similar tendency was observed in both sources 
of variation, although the range of variation between CO and CIS was 
7.8 days for cycles per se and 5.7 for cycles self. 
The highly significant difference for cycles per se vs cycles self 
is an indication of the inbreeding depression effect. The average 
inbreeding depression obseirved at tropical environments after one 
generation of selfing was -4.8%, which delayed time to flowering by 2.6 
days (Table 2). Hallauer (1965) reported an inbreeding depression of 
-4.0% for earliness of silking. Hallauer and Sears (1972) reported 
-5.1% inbreeding depression for earliness in a cross between ETC x 
early inbreds evaluated in the Corn Belt. 
Average means for each cycle population and their corresponding 
crosses are recorded in Table 4. We observe dominance for lateness 
mainly when cycles 3 and 6 were crossed to more advanced cycles. This 
result disagrees with others reported in the literature. Hayes and 
East (1911) and Emerson and East (1913) reported the F1 to be 
intermediate in maturity between the two parents. Yang (1949), 
Zoeblsch (1950), Agble (1954), Jones (1955), Mohamed (1959), Giesbrecht 
(1960a and b), and Hallauer (1965) found earliness to be partially to 
completely dominant. Emerson and East (1913), Zoeblsch (1950), and 
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Table 4. Average number of days from planting to flowering for cycles 
of selection (diagonal) and their crosses (above diagonal), 
and percentage of mid-parental heterosis (below diagonal) 
for cycle crosses in the evaluation of 15 cycles of half-sib 
selection for earlier flowering In Compuesto Selecclon Precoz 
population 
Cycles CO C3 C6 C9 C12 CIS 
CO 58.24 57 .75 57.06 56.82 55.22 56 .04 
C3 2.76 54, ,16 54.97 54.44 54.23 53 .93 
C6 1.86 1, .84 53,79 54.62 54.42 53 .65 
C9 2.05 1, ,49 2.18 53,12 52.98 52 .77 
C12 1.77 2, 88 3.61 1.51 51.26 52, .28 
CIS 3.14 3. 13 2.96 1.92 2.82 50, ,43 
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Agble (1954) reported transgresslve segregation for earllness. These 
results were found studying the Inheritance of flowering of maize In 
temperate environments. Our study was done In a tropical maize 
population which could be one reason for the different results. 
The average heterosis was 2.4% and the general tendency was to 
Increase the heterosis with selection (Table 4). On the average the 
heterosis for crosses to CO was 2.3% and for crosses to CIS was 2.8%. 
The only exception for this tendency was the heterosis observed In 
crosses with cycle 9. Warner (1950) reported heterosis for earllness. 
Hallauer (1965) found that heterosis for earllness ranged from 3.5 to 
6.4% for two different years with an average of 5.2% when combined over 
years. Hallauer and Sears (1972) reported 10% heterosis for earlier 
silking. 
A regression model including linear and quadratic terms was used in 
the partition of cycles per se. For means averaged across 12 
environments, the linear term accounted for 89% of the total variation 
(Tables 1 and 5). Highly significant differences for the linear term 
were detected. Therefore, the additive portion of the genetic variance 
is the most Important component of the total genetic variability. 
Neither the quadratic term nor the lack-of-flt term was significant. 
This result is in agreement with that reported by Hallauer (1965) who 
estimated that the additive genetic variance for time to flowering in 
maize is more Important than the dominance genetic variance in a cross 
between B14 and Oh45 inbred lines. Narro (1988) reported that the 
linear component of the regression accounted for 98.6% of the total 
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Table 5. Calculated regression coefficients, standard errors, and 
coefficients of determination <R ) In the evaluation of 15 
cycles of half-slb selection for earllness In Compuesto 
Selecclon Precoz population evaluated across 12 environments 
Fitted model 
Parameter Linear Quadratic Cubic 
0^ 56.95 t 0.16 57.57 t 0 
o
 
CM 
58.02 t 0.22 
1—1 
-0.46 t 0.02 -0.77 t 0, ,06 -1.45 t 0.14 
b2 _a 0.02 t 0, 
o
 
o
 0.14 t 0.02 
3^ - - -0.01 t 0.00 
0.89 0.92 0.96 
P^arameter not needed according to the regression model. 
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genetic variability in Compuesto Selecclon Frecoz evaluated at three 
environments. San Vicente (1989) evaluating six cycles of selection in 
Antigua Compuesto in the U. S. Corn Belt reported that 91.3% of the 
total variation was accounted for by the linear relationship. 
The usefulness of selection to improve earliness was emphasized by 
Hallauer and Sears (1972) and by Troyer and Brown (1972 and 1976). 
Hallauer and Sears (1972) reported that, mass selection for early 
silking and crossing a late tropical germplasm (ETO composite) with six 
early inbred lines and intermating were effective procedures to adapt 
ETO composite to the central Corn Belt. Troyer and Brown (1972) stated 
that selection for early flowering provides more genetic divergence 
than the pedigree method or other breeding schemes that use early 
germplasm for maturity genes. 
Different regression models were fitted to characterize the 
response to selection (Table 5). The variation accounted for by the 
regression using the cubic model (0.96) is larger than using the linear 
model (0.89). If we include only the linear parameter, the model 
accounts for 89 % of the variability. But if we include two additional 
parameters (quadratic, cubic), the model accounts for 7% more of the 
total variability. Because we had, on the average of 12 environments, 
highly significant difference for only the linear model (Table 1), 
response to selection must be expressed as the linear regression 
coefficient. 
The calculated linear regression coefficient (b^ ) fitted by the 
linear model was -0.46 (Table 5); that is, on the average, the time 
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from planting to flowering decreased 0.46 days per cycle of selection. 
Selection for earllness has been reported, and a summary of some 
examples Is presented In Table 6. The general tendency Is to decrease 
days to flowering because of selection. Hallauer and Sears (1972) 
reported a decrease of 3.8 days per cycle of selection when adapting 
ETO composite In the U. S. Corn Belt; selection and the evaluation from 
cycles of selection were done at Ames, Iowa. Troyer and Brown (1972) 
obtained a decrease of 1.8 days per cycle of selection, on the average, 
for the evaluation of three synthetics, two of them formed by crossing 
tropical materials with U. S. Corn Belt inbred lines; selection and 
evaluation were done near Mankato, Minnesota. Troyer and Brown (1976) 
reported a decrease of 1.5 days per cycle, on the average, from the 
evaluation of seven synthetics. The seven synthetics included mainly 
U. S. Corn Belt germplasm with selection done near Des Moines, Iowa, 
and the evaluation was done near Mankato, Minnesota. San Vicente 
(1989) reported a decrease of 3.2 days to flowering per cycle in the 
evaluation of Antigua Composite, a tropical germplasm with selection 
and evaluation being conducted in the U. S. Corn Belt. Evaluation from 
cycles of half-sib selection in the Compuesto Seleccion Precoz 
population indicates that days to silking have decreased about 0.6 days 
per cycle (Table 6). 
Observed response to selection for early flowering depended on 
population under selection, environments where selection and evaluation 
were performed, number of cycles Included in the evaluation, and the 
methods used in selection. For instance, response to selection in ETO 
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Table 6. Response to selection for earllness In different maize 
populations 
— Population^ -
ETO Mexican Compuesto Seleccion Precoz 
Cycle Ames Mankato Mankato P. Rica Ames 88 Call 88 Ames 89 Call 89 
CO 116 78 74 97 54 85 58 
CI 112 78 71 - - - -
C2 110 74 69 - - - - -
C3 106 72 68 - 90 52 79 55 
C4 100 71 67 56 - - - -
C5 - 70 66 - - - - -
C6 - 67 - - 89 49 81 54 
C8 - - - 55 - - - -
C9 - - - - 86 49 79 53 
C12 - - - 53 79 49 78 51 
CIS - - - - 77 46 76 50 
bi° -3.80 -1.86 -1.51 -0.55 -1.30 -0.47 -0.48 0.50 
R^esults on ETO population were reported by Hallauer and Sears 
(1972). 
Results in Mexican populations were reported by Troyer and Brown 
(1972) based on 6 cycles, and by Troyer & Brown (1976) based on 5 
cycles of selection in a cross between Mexican and Corn Belt materials. 
Results in Compuesto Seleccion Precoz were reported by CIMMYT 
(1984) and Narro (1988). 
Data not recorded. 
is the linear regression coefficient and measures the 
response to selection. 
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(Hallauer and Sears, 1972) was greater than that observed in 'Zapalote 
Chico' and other Mexican tropical materials (Troyer and Brown 1972 and 
1976; Center, 1976), or in Compuesto Selecclon Frecoz population 
(CIMMYT, 1984; Narro, 1988). Selection for early flowering is more 
effective at a location where maize flowers later (Troyer and Larklns, 
1985). The observed response to selection varies considerably with the 
year in which the evaluation of cycles is performed. Hallauer and 
Sears (1972) reported a gain from selection of -3.80 and -4.20 days per 
cycle when the evaluations were conducted in 1968 and 1969, 
respectively. Comparisons of the gain from selection for earliness in 
Compuesto Selecclon Frecoz at temperate and tropical locations also 
were different in different years. At Ames, a change of -1.30 and 
-0.48 days per cycle were obtained for 1988 and 1989, respectively. At 
Call the gain from selection was -0.59 and -0.48 days per cycle for 
1988 and 1989, respectively (Table 7). Obviously, days to flowering 
vary from one year to another; the average time to flowering for 
cycles 0 and 3 in 1967 was 123 days, whereas in 1969, for the same 
cycles of selection, the average was 108 days (Hallauer and Sears, 
1972); the average days to flowering in the evaluation of Compuesto 
Selecclon Frecoz during 1988 and 1989 were 86.3 and 79.6 days at Ames, 
and 49.8 and 53.8 days at Call, respectively. Therefore, when we 
consider the gain from selection as the number of days per cycle, we 
could have also other considerations such as the number of days to 
flowering from the base population (CO) and some environmental 
considerations of the selection and evaluation locations. 
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Table 7. Observed means for days from planting to flowering for the 
evaluation of 15 cycles of half-slb selection for earlier 
flowering in Compuesto Selecclon Precoz population 
across 13 environments 
Cycle 
Environment CO C3 C6 C9 C12 C15 Mean 
Turlpana 47.2 44.2 43.9 43.8 43.1 43.9 44.4 
Call A 58.5 54.7 54.5 53.5 51.4 , 50.3 53.8 
Palmira 57.7 54.5 52.3 52.8 52.3 50.0 53.3 
Call B 55.4 50.2 50.4 48.9 47.9 48.1 50.2 
Flchllingue 62.9 57.3 57.3 56.9 54.7 53.7 57.2 
Portovlejo 55.3 49.7 51.4 49.8 50 .0 48 .5 50.8 
Tlaltizapan 61.9 57.8 57.8 56.2 53, ,3 53 .5 56.8 
Foza Rica 56.0 51.8 51.8 51.4 48. ,5 46 .5 51.0 
Chiclayo 73.2 64.9 64.5 64.3 60, 5 60, ,1 64.6 
Jaen 52.7 50.7 50.1 50.0 49. 0 48, ,3 50.1 
Ames 85.3 78.7 81.3 78.7 77. 7 75, ,7 79.6 
Maracay 57.9 56.0 53.9 53.4 50. 8 48, ,1 53.4 
Santa Cruz 60.1 58.1 57.3 56.3 53. 7 54. 0 56.6 
Mean* 58.2 54.2 53.8 53.1 51.3 50.4 53.5 
*It does not Include Ames. 
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Consequently, as mentioned by Hallauer (1965), the most realistic 
comparisons when evaluating time to flowering would be made within a 
particular year or more specifically within a particular environment. 
We found highly significant differences for only the linear model 
in eight (Turlpana, Call A, Palmira, Tlaltizapan, Jaen, Ames, Maracay, 
and Santa Cruz) of the 13 environments. In the other 5 (Call B, 
Fortovlejo, Flchlllngue, Foza Rica, and Chlclayo) a significant 
quadratic or lack-of-flt term was observed (Tables A3 to AlO). The 
main reason for these results was the little response and the lack of a 
clear pattern of response in the intermediate cycles of selection, 
mainly in cycles 3 and 9 (Table 7). 
The greatest response to selection, in all the environments, was 
observed in the initial cycles of selection (Table 7 and Fig. 1). On 
the average of 12 environments, the difference between CO and CIS was 
7.8 days, and the difference between CO and C3 was 4.0 days (Table 4). 
That is, more than the 50% of the response to selection for earllness 
was obtained in 20% of the time used in the selection program. This is 
an Important consideration in defining goals in a breeding program. 
Long-term selection programs for earllness are more useful for a 
theoretical point of view but short- and medium-term selection programs 
are more useful in applied breeding programs. Similar tendencies to 
the responses to selection were reported by Troyer and Brown (1972 and 
1976). They obtained gains to selection of -1.8 and -1.5 days per 
cycle after six and five cycles of selection, respectively. However, 
on the average of 12 cycles of selection, the flowering time decreased 
Figure 1. Direct response to 15 cycles of half-sib selection for earlier flowering in Compuesto 
Seleccion Precoz population across 12 environments 
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about 1 day per cycle of selection. That Is, response to selection for 
flowering date slowed significantly during the last cycles of selection 
(Troyer and Larklns, 1985). San Vicente (1989) reported that most of 
the response to selection for earllness In Antigua Composite was 
obtained in the second cycle of selection. In relation to maturity, 
Hallauer et al. (1967) Indicated that higher yields are positively 
associated with higher moisture at approximate physiological maturity 
and harvest and later silking date In northern and southern Iowa. 
The estimates of genetic parameters for days to flowering estimated 
by use of the Smith (1983) model, based on the overall means for cycles 
and cycle crosses, are presented in Table 8. The largest contribution 
to the overall means in the base population (CO) was due to additive 
gene effects, as represented by the ÂOI parameter. DOI, the 
heterozygote contribution, was smaller than AOI, but there were highly 
significant differences for both the AOI and DOI parameters. 
The change in allele frequency as a result of selection is measured 
by ALI and DLI. Both terms were highly significant, which means that 
the change in additive and dominant-related gene effects were Important 
in the response to selection. As observed in the base population, the 
homozygote contribution (ALI) is larger than the heterozygote 
contribution (DLI). 
The genetic drift measured by the DQI parameter was highly 
significant. That is, the change in the mean in the different cycles 
of selection includes the effects of inbreeding. The selection 
intensity used in the selection program was about 3.3%. In each cycle 
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Table 8. Genetic parameters (Smith, 1983) for days from planting to 
flowering for the evaluation of 15 cycles of half-sib 
selection for earllness In Compuesto Selecclon Frecoz 
population across 13 environments 
Cycle Parameter Estimate 
CO AGI 60.1464 0.2630** 
CO DOI -1.3816 + 0.1630** 
Cn ALI -0.1719 + 0.0156** 
Cn DLI -0.0402 + 0.0218** 
Cn DQI -0.0009 + 0.0008** 
Response 
to selection 2(ALT + DLI) -0.4242 t 0.0268** 
**Slgnlfleant at 0.01. 
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of selection fifteen thousand plants were evaluated and 500 ears were 
saved for the next cycle of selection. Under these circumstances, 
genetic drift because of small population size Is less probable to 
occur; however the Inbreeding as a result of assortatlve mating may be 
responsible for the highly significant response found for the OQI 
term. Assortatlve mating could take place when artificial pollination 
Includes more frequently plants that flower at the same time. This 
result Is In agreement with the highly significant response observed in 
cycle crosses per se vs random mated (Table 1). On the average, cycle 
crosses random mated flowered 1.1 days earlier than cycle crosses per 
se. It seems to be that the formation of cycle crosses random mated 
excluded, to some extent, the very late plants. Departures from 
randomness, being flowering time the main cause, was reported by 
Gutierrez and Sprague (1959). 
Direct response to selection was estimated by three methods: 
First, as 2(ALT + DLI) using Smith's parameters, the observed value was 
-0.42 (Table 8). Second, as the linear regression coefficient when the 
equation is fitted by the linear model, the observed value was -0.46 
(Table 5). Third, as the average difference between Cn and CO 
[(CO-Cn)/n], the observed value using data from Table 4 was -0.52. 
Days to flowering in Compuesto Seleccion Frecoz population decreased as 
a result of half-sib selection for earllness about 0.5 days per cycle 
of selection. 
Eberhart and Russell's (1966) stability analysis was performed 
using the information from 61 entries that were evaluated at 12 
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tropical environments. A summary of the results is presented in Table 
Â15, The general tendency was to decrease the values of the linear 
regression coefficients (b^ ) with selection, b^  for CO was greater 
than 1 and highly significant; bj^  for CIS was smaller than 1 and also 
highly significant (Fig. 2). There was a tendency to have significant 
values for b^  in crosses between CO or CIS with the other cycles but 
no in crosses between intermediate cycles of selection. There were no 
significant differences for the deviations from the linear regression. 
Conclusions 
Compuesto Seleccion Precoz population is a relatively early 
cultivar in tropical environments. Days from planting to flowering 
were 6.3 days earlier than the average of the adapted checks. Time to 
flowering for the checks (59.8 days) was similar to the CO (58.2 
days). At the temperate environment, Ames, the average time to 
flowering for Compuesto Seleccion Precoz populations was similar to the 
average of the checks (79.6 days). Days from planting to flowering for 
two temperate checks [BS16 CO, and BSTL(S) C3], however were 15 days 
earlier than for the CO population. 
Dominance for lateness was observed when crossing between cycles of 
selection. The observed average heterosis was 2.4% and there was the 
tendency to Increase heterosis with selection. The average Inbreeding 
depression for days to flower at tropical environments was 4.6%. 
The largest portion of the genetic variability for time to 
flowering (89%) was accounted for by the linear model. Selection for 
Figure 2. Eberhart and Russell's (1966) stability analysis for 15 cycles of half-sib selection for 
earlier flowering in Compuesto Seleccion Precoz population across 12 environments 
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earllness was effective because adequate additive genetic variance was 
available. The observed response to selection for decreasing time to 
flowering was about 0.5 days per cycle of selection. The greatest gain 
was observed in the initial cycles of selection (C0-C3). 
The genetic contribution for both the base population and the 
selected populations was studied using the parameters suggested by 
Smith (1983). Additive and dominant gene effects were important in 
selection, but the additive effects had the largest contribution. The 
effects of genetic drift were highly significant, and the probable 
cause was the assortatlve mating between the earlier plants when cycle 
crosses were generated. Response to selection, based on these 
calculated parameters, decreased time to flowering by 0.42 days per 
cycle of selection. 
Eberhart and Russell's (1966) stability analysis was performed to 
evaluate the stability for days to flowering. The general tendency was 
to decrease the linear regression coefficient values with selection. 
There were no differences for the deviations from the linear 
regression. 
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SECTION II; CORRELATED RESPONSE TO SELECTION FOR EARLINESS 
Abstract 
Correlated response occurs when selection for one trait (X) causes 
changes in the other trait (Y), and the genetic correlation between the 
two traits determines the pattern of correlated response, Pleiotropy 
and linkage are two genetic mechanisms which determine genetic 
correlation. The objectives of this study were to evaluate the 
correlated response between earliness and yield, plant height, ear 
height, root lodging, stalk lodging, grain moisture, and leaf area; to 
estimate the genetic contribution to the mean of the correlated traits; 
and to conduct a stability analysis for yield. 
Information from eight environments was used to study the 
correlated response to selection for earliness in Compuesto Seleccion 
Frecoz population. Least squares estimates were used to evaluate the 
response to selection. Entry means across environments were used to 
estimate the genetic contribution using the Smith (1983) model, and 
entry means for each environment were used to perform the Eberhart and 
Russell (1966) stability analysis. 
Selection for earliness in Compuesto Seleccion Frecoz population 
resulted in correlated changes in yield, plant height, ear height, 
grain moisture, and leaf area. The observed additive genetic variance 
varied for each trait: 81% for yield, 27% for plant height, 50% for 
ear height, 63% for grain moisture, and 79% for leaf area. Use of the 
Smith parameters showed that for the base population, genes with 
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additive effects determined the major contribution to their 
corresponding means for yield, plant height, ear height, root lodging, 
stalk lodging, grain moisture, and leaf area. For the selected 
populations, the homozygote contribution was Important for plant 
height, ear height, ear moisture, and leaf area; the heterozygote 
contribution was important for yield, ear height, grain moisture, and 
leaf area. The effect of random drift was important only for grain 
moisture. Correlated response to selection for earliness on a per 
cycle basis showed that yield decreased about 95 kg per ha; plant 
height decreased about 2.3 cm; ear height decreased about 2 cm; grain 
moisture decreased about 0.08%; and leaf area decreased about 172 
2 cm . 
Introduction 
Correlated response occurs when selection for one trait (X) causes 
changes in the other trait (Y) (Hallauer and Miranda, 1988). Indirect 
response to selection, however, occurs when the selection is applied to 
some trait (X) other than the one it is desired to Improve (Y). The 
efficiency of indirect selection depends on genetic parameters for X 
and Y, such as heritablllty of each trait, genetic and phenotypic 
correlation between X and Y, and technical considerations in the 
selection process such as the feasibility, precision, and cost of 
taking measurements on X and Y. 
The genetic correlation between two traits determines the pattern 
of the correlated response. Genetic correlation is the correlation of 
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the breeding values and expresses the extent to which two measurements 
reflect what are genetically the same character (Falconer, 1986). 
Plelotropy and linkage are two genetic mechanisms that determine 
correlated response. 
The validity of the theory of genetic correlation was shown by 
Reeve and Robertson (1953) and by Falconer (1954). However, if the 
correlation is low, genetic sampling in the secondary trait may be the 
most Important source of error in its estimation from the correlated 
response (Clayton et al., 1957). 
Improvement in a population as a direct response to selection might 
be accompanied by correlated changes in other traits. In a maize (Zea 
mays L.) breeding program, yield is usually the most important trait. 
It has been reported that selection for yield was associated with an 
Increase in days to flowering, grain moisture at harvest, prolificacy, 
plant and ear height, and lodging (Moll and Robinson, 1966; Hallauer 
and Wright, 1967; Harris et al., 1972; Compton and Bahadur, 1977; Moll 
et al., 1978 Mareck and Gardner, 1979; Mulamba et al., 1983; Moll and 
Hanson; 1984). Goulas and Lonnquist (1976) included grain yield and 
grain moisture at harvest as selection criteria and reported a decrease 
in grain moisture and no significant change in days to flowering. 
Center (1976) reported that the increase in yield in a selection 
program of Mexican races of maize was accompanied by a decrease in days 
to silk, grain moisture, plant and ear height, and plants with smut 
fUstilapo mavdls) Infection; no change was detected for root lodging 
but stalk lodging Increased. 
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The selection criterion is other than yield in some breeding 
programs. Troyer and Brown (1972 and 1976) and Troyer and Larkins 
(1985) reported the results of selection for early flowering and early 
flowering plus stalk quality. They observed a decrease in days to 
flowering, grain moisture, and plant height; yield increased 5% per 
cycle. They suggested that selection for early flowering should be 
accompanied with selection for better stalk quality. 
Prolificacy in maize has been reported to have a high positive 
genetic correlation with grain yield (Lonnquist, 1967; Mareck and 
Gardner, 1979; Mies, 1979; Singh et al., 1986; Coors and Mardones; 
1989). Selection for prolificacy also was associated with a decrease 
in days to flowering and plant and ear height (Singh, 1986; Coors and 
Mardones, 1989). Compton et al. (1979) reported that selection for 
prolificacy and adaptation resulted in increased plant and ear height 
and slight increase in days to flowering. 
A positive correlation has been reported between grain yield and 
plant and ear height (Green, 1955; Yamaguchi, 1974; Josephson and 
Kincer, 1977; Moll and Kamprath, 1977). Yield increases with 
reductions in plant and ear height were observed by Moll and Stuber 
(1971), Jinahyon and Moore (1973), Moll et al. (1978). Johnson et al. 
(1986) used recurrent selection for reduced plant height. They 
reported that lodging, barrenness, days to flowering, and leaves per 
plant also were reduced. At optimum plant density grain yield and 
harvest index increased, but leaf area index and total dry matter per 
unit area at harvest were similar. Selection for improved stalk 
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quality resulted in populations with significantly lower yields because 
of the redirection of the photosynthate into the stover (Thompson 1963, 
1972, and 1982; Davis and Crane, 1976; Devey and Russell, 1983; Martin 
and Russell, 1984; Rehn and Russell, 1986; Nyhus et al. 1989). 
Selection for one trait determines changes in other traits, and the 
amount of change is related to the genetic correlation between 
traits. The objectives of this paper are: a) to evaluate the 
correlated response between earliness, measured as days from planting 
to flowering, and yield, plant and ear height, root and stalk lodging, 
grain moisture, and leaf area, b) to estimate the homozygote and 
heterozygote contributions to the mean of the correlated traits using 
the Smith (1983) model and c) to conduct a stability analysis for grain 
yield. 
Materials and Methods 
The information obtained in the evaluation of cycles of half-sib 
selection for earliness in Compuesto Seleccion Precoz population across 
environments was used to study the correlated response from earliness 
in relation to yield, plant and ear height, root and stalk lodging, 
grain moisture, and leaf area. Data were not available in all the 
environments for all the traits, and, therefore, the number of 
environments varies for each trait. 
The data collected in the experiments, in addition to flowering 
date and stand, Included the following traits: plant and ear height 
(cm) measured from ground level to the base of the tassel and upper 
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node, respectively; leaf area (cm^ ) measured using the method 
suggested by Fakorede et al. (1976); root lodging <%) included plants 
leaning more than 30° from vertical and measured immediately before 
harvest; stalk lodging (%) plants broken at ear node or below and 
recorded immediately before harvest; dropped ears (%) included ears 
detached from plant at time of harvest; grain yield (ton per ha at 
15.5% grain moisture); and grain moisture (%). 
The analysis of variance (ANOVA) and orthogonal partition of 
sources of variation for each trait were conducted according to the 
objectives of the study. The generation mean analysis model, suggested 
by Smith (1983), was used to calculate the contributions of additive 
and dominance gene effects to the response of correlated traits. The 
Eberhart and Russell (1966) stability parameters model was used to 
evaluate the performance of entries across environments for yield. 
Results and Discussion 
The analysis of variance for yield, plant and ear height, root and 
stalk lodging, grain moisture, and leaf area combined across 
environments is presented in Table 1. There were highly significant 
differences (P<0.01) for all the traits for environments and for 
replications in environments. There were highly significant 
differences for GE for grain yield, grain moisture, and leaf area, but 
no significant GE for plant and ear height, and root and stalk 
lodging. The correlated response for each of the evaluated traits with 
half-sib selection for earliness will be discussed. 
Table 1 Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of IS cycles of half-slb selection for 
earllness In Compuesto Selecclon Precoz population across 
environments 
Mean 
Source df Yield Plant Ear 
Environments (E) .a 19.28** 2660.88** 248.50** 
Reps/E 14 6.28** 2094.35** 645.40** 
Entries (G) 60 4.32** 1756.07** 512.59** 
Cycles (C) 11 3.40** 1639.80** 550.24** 
Per se 5 0.99* 1570.05** 580.45** 
Linear 1 3.99** 2119.88** 1452.58** 
Quadratic 1 0.02 204.87 71.36 
Lack-of-flt 3 0.31 1841.84** 459.40** 
Self 5 0.91 1531.58** 435.38** 
Per se vs self 1 27.88** 2529,59** 973.44** 
Cycle crosses (Cr) 44 4.15** 1842.92** 509.62** 
Per se 14 0.58 225.96** 127.78* 
Random mated (RM) 14 0.61 204.61** 160.62** 
Self 14 0.16 88.34 66.09 
Per se vs self 1 135.69** 57813.21** 14252.14** 
Per se vs RM 1 1.55* 13.23 113.16 
Checks (Ck) 3 0.93 858.99** 131.78 
Ck vs (Cr & C) 1 34.83** 3650.75** 1883.88** 
Cr vs C 1 5.52** 195.20 61.54 
G x E  - 0.58** 77.07 63.33 
Effective error - 0.42 90.03 71.08 
General Mean 4.16 171.83 72.04 
Coefficient of variation 15.57 5.52 11.70 
Y^leld, root and stalk lodging, and grain moisture were recorded 
at 7 environments; plant and ear height at 6 environments; and leaf 
area at 4 environments ; therefore, degrees of freedom will vary for E, 
GxE, and effective error for each trait. 
, Significant at the 0.05 and 0.01, respectively. 
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>^«•1 WM 
Root Stalk Moisture Leaf area 
198.40** 61.54** 409.35* 1807955.20** 
49.46** 42.79** 28.69** 2195516.02** 
5.32 2.48 8.34** 1546177.58** 
9.18 0.82 8.96* 2729692.11** 
2.59 0.27 7.46 2307784.05** 
3.20 0.49 23.44* 9132496.89** 
5.33 0.07 5.95 50842.76 
1.48 0.26 2.63** 785193.53* 
7.25 0.85 12.22* 705307.94* 
51.77* 3.42 0.15 14961153.24** 
3.87 2.54 5.35 1176087.62** 
2.18 2.31 3.71 582496.89** 
5.20 2.34 5.48 1200482.46** 
3.01 1.58 3.23 745718.90** 
22.14 3.15 39.56** 7715285.87** 
0.91 23.84 0.87 15468867.00** 
2.16 5.52 15.32* 948848.86** 
37.13 3.28 120.54** 8146549,57** 
10.20 6.50 4.47 207849.58 
11.24 8.38 4.46** 463031.23** 
12.03 9.16 2.55 236814.50 
3.43 3.50 20.25 4778.69 
101.12 86.33 7.88 10.18 
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Grain yield. There were highly significant differences among the 
environments where the experiments were conducted. This variation, 
measured as the average yield from cycles per se, ranged from 3.47 tons 
per ha for Pichilingue to 6.30 tons per ha for Call A (Table 2). In 
general, the average yield of the cycles per se was less than of the 
checks used across environments (Table 3). The comparisons between 
checks and average of cycles per se, however, show differences among 
the environments (Table 2). At Call A, the best check was entry 60 
(CIAT SAl 86 EVF2); entry 60 yielded 8.14 tons per ha, whereas the mean 
for cycles per se was 6.06 tons per ha and 7.00 tons per ha for CO per 
se. At Palmira, entry 60 was also the best check yielding 6.54 tons 
per ha compared with 4.14 and 4.78 tons per ha for cycles per se and 
CO, respectively. At Call B the best yield (8.56 tons per ha) was 
produced by entry 64 (Mezcla Amarilla); averages for cycles per se and 
CO were 6.30 and 7.94 tons per ha, respectively. Entry 60 was the best 
yielding entry (5.89 ton/ha) at Pichilingue, and the yields for cycles 
per se and CO were 3.47 and 4.68 tons per ha, respectively. At 
Tlaltizapan the highest yield (5.66 tons per ha) was obtained for entry 
62 (AC 8443), whereas the average for cycles per se and CO were 4.19 
and 4.46 tons per ha, respectively. At Chiclayo the best yield (6.85 
tons per ha) was obtained by entry 64 (Pioneer X-304 A), and the yields 
for cycles per se and CO were 4.98 and 6.00 tons per ha, 
respectively. The best yield (5.90 tons per ha) at Jaen was obtained 
by entry 62 (Jaeno) while the yields for cycles per se and CO were 4.23 
and 5.50 tons per ha, respectively. Differences between checks 
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Table 2. Yield means (t/ha) for checks used in the evaluation of 15 
cycles of half-sib selection for earliness in Compuesto 
Seleccion Precoz population at eight environments 
Check entries* 
" Cycles 
Environment 58 59 60 61 62 63 64 Mean per se 
Martinsburg 1.87 2.69 2 .55 1.76 8.50 6. .83 5, ,42 4.23 2.69 
Call A 6.54 6.36 8.14 7.36 6.11 8. 10 7. 61 7.17 6.06 
Palmira 4.26 4.82 6 ,54 5.09 5.51 4. 87 5. 39 5.21 4.14 
Call B 7.09 6.83 7, 32 8.16 6.93 7. 98 8. 56 7.54 6.30 
Pichilingue 4.12 4.06 5, .89 5.04 5.75 5. 72 5. 84 5.20 3.47 
Tlaltlzapan 4.18 4.52 5, ,08 4.34 5.66 4. 95 5. 59 4.90 4.19 
Chiclayo 5.49 5.15 6. 22 6.20 5.80 5. 92 6. 85 5.94 4.98 
Jaen 4.66 4.76 5. 75 5.01 5.90 5. 12 4. 66 5.12 4.23 
Mean 4.78 4.90 5.96 5.37 
*Check entries 58 to 61 were included in all environments, whereas 
check entries 62 to 64 were specific for each environment. 
Average of cycles per se for each environment. 
E^ntries are different for each environment. 
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Table 3. Means of cycles per se, crosses among cycles, and check 
entries combined over environments in the evaluation of 15 
cycles of half-sib selection for earliness in Compuesto 
Seleccion Precoz population 
Trait Cycles per se Grosses per se Checks 
Yield 4.62 5.08 5.75 
(t/ha) 
Plant height 166.58 178.46 177.84 
(cm) 
Ear height 69.80 75.20 78.50 
(cm) 
Root lodging 2.83 3.03 1.88 
(%) 
Stalk lodging 2.90 3.21 2.85 
(%) 
Grain moisture 19.78 20.61 23.37 
(%) 
Leaf area 6407.00 6320.00 6672.00 
(cmr) 
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(Entries 58 to 61) used at all environments and checks (entries 62 to 
64) used at any particular environment were not significant. The 
general tendency was that the yield of CO was always higher than of the 
other cycles (Fig. 3), and, in most instances, the CO yield was similar 
to the average of checks yield at Cali and Chiclayo. Therefore, 
Compuesto Seleccion Frecoz population can be used as a breeding 
population in tropical environments considering its potential yield and 
other agronomic characteristics useful for any particular environment. 
In the temperate environment at Martlnsburg (Table 2), average 
yield of the local checks (entries 58 to 61) was 6.92 tons per ha 
compared with 2.22 tons per ha for the tropical checks (entries 58 to 
61), The highest yield (8.50 tons per ha) was obtained by entry 62 
[BS16 (CO)] while the average of cycles per sé was 2.69 tons per ha. 
In contrast to the yields observed in tropical environments, the 
highest yield among cycles per se was observed in C15 (3.67 tons per 
ha) and the lowest in CO (2.69 tons per ha). Tlie low yield for CO was 
because of its longer time to flowering compared with C15, which 
prevented the CO from completing its vegetative period in the 
temperate growing season in the U. S. Corn Belt. 
The highly significant difference observed for grain yield between 
cycle crosses vs cycles per se (Table 1) is an indication of 
heterosis. The average yields were 5.08 for crosses per se and 4.62 
tons per ha for cycles per se (Table 3). Average heterosis, based on 
means across environments, was 9.6% although there was not a clear 
pattern of variation of heterosis in relation to cycles of selection 
Figure 3. Correlated response for yield after 15 cycles of half-sib selection for earlier 
flowering in Compuesto Seleccîon Precoz population 
YIELD 
ton/ha 
6 
0 6 
cycles 
R^ = 0.81 
Y = 5.3 - 0.096X 
vO U1 
9 12 15 
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(Table 4). For Instance, the highest value of heterosis was for the 
cross between CO x C6 (16,3%) and the lowest for C6 x C9 (2.6%). 
Estimates of heterosis were 8.5% for CO x C3 and 8.9% for C12 x C15. 
Significant differences (P < 0.05) were detected among cycles per 
se (Table 1). There was the tendency for yield to decrease with cycles 
of selection. The average yield of CO was 5.53 tons per ha whereas CIS 
yielded 3.98 ton per ha (Table 4). Selection for earllness caused a 
negatively correlated change in grain yield. CIS had 28.0% less yield 
than CO, and the C3, C6, and C9 had 14.6% less yield than CO. It seems 
50% of yield decrease occurred by the C3 with another yield decrease by 
the C12. For adapted materials, progeny evaluation and (or) a 
selection index should be used to improve simultaneously yield and 
earllness. Obviously, compromises between yield and time to flowering 
must be considered in planning a selection program Including these 
traits. 
Highly significant difference for the contrast cycles per se vs 
cycles self was detected (Table 1). This comparison provides a measure 
of the Inbreeding depression, which averaged 38.1% for the seven 
environments (Table 5). The comparison between crosses per se vs 
crosses self also was highly significant. The average yield was 5.08 
tons per ha for cycle crosses and 2.63 tons per ha for cycle crosses 
self. Average inbreeding depression in the cycle crosses was 48.2%, 
which is 10% greater than inbreeding depression in cycles per se. The 
linear model accounted for 81% of the total variation among cycles for 
yield; neither the quadratic nor the lack-of-fit terms was significant 
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Table 4. Average yield (t/ha), plant height (plant) (cm), and ear 
height (ear) (cm) for cycles of selection (diagonal) and 
their crosses (above diagonal), and percentage of mid-
parental heterosis for cycle crosses (below diagonal) in the 
evaluation of 15 cycles of half-sib selection for earliness 
in Compuesto Seleccion Frecoz population 
Cycle of selection 
Cycle Trait CO C3 C6 C9 C12 CIS 
CO Yield 5.6 6.0 5.5 5.5 5.1 
Plant 198,7 190.5 193.4 184.6 184.8 180.7 
Ear 95.4 84.8 86.0 83.3 80.6 78.5 
C3 Yield 8.5 4,70 5.3 5.2 5.0 4.6 
Plant 9.5 148,3 184.2 177.8 177.5 170.7 
Ear 6.9 63,2 76.9 74.8 71.4 69.7 
C6 Yield 16.3 12.3 4^  4.8 4.8 5.0 
Plant 1.3 11.5 181,9 179.8 173.0 179.6 
Ear -0.1 8.8 78^  74.0 75.1 72.7 
C9 Yield 7.4 10.3 2.6 4.75 4.8 4.8 
Plant -0.5 10.9 1.4 173,3 168.9 169.7 
Ear 0.0 11.1 -1.1 2L4 67.7 -8.6 
C12 Yield 15.7 7.8 10.6 9.1 4.01 4.2 
Plant 10.4 25.3 8.8 9.3 135,9 160.9 
Ear 8.9 6.1 0.1 9.2 52,6 63.9 
CIS Yield 6.2 6.2 15.4 9.3 5.9 3.98 
Plant 0.1 17.2 5.0 10.0 8.4 161.2 
Ear 0.1 11.8 -2.3 3.2 -3.8 61.5 
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Table 5. Cycle means combined over environments and Inbreeding 
depression (%) observed In the evaluation of 15 cycles of 
half-sib selection for earllness in Compuesto Seleccion 
Precoz population 
Trait Cycles per se Cycles self Inbreeding depression 
Yield 
(t/ha) 
4.62 2 . 8 6  38.09 
Plant height 
(cm) 
166.58 149.82 10.06 
Ear height 
(cm) 
Root lodging 
(%) 
69.80 
2.83 
59.40 
5.23 
14.90 
84.80 
Stalk lodging 
(%) 
2.90 3.51 21.03 
Grain moisture 
(%) 
Leaf 
(cmr) 
area 
19.78 
6407.00 
19.91 
5118.00 
0 . 6 6  
20.12 
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(Table 1). Previous reports also have shown that a large portion of 
the variability was accounted for by a linear relationship of yield 
with cycles of selection. Narro (1988) reported a linear model 
accounted for 99% and 84% while evaluating cycles of selection in 
Compuesto Seleccion Precoz population at Ames and Chiclayo in 1987, 
repectively. San Vicente (1989) reported a linear model accounted for 
81.4% of the total variation from an evaluation of cycles of selection 
for earliness in Antigua Composite at the U. S. Corn Belt in 1987 and 
1988. Both Narro (1988) and San Vicente (1989) reported linear 
increases in grain yield with selection for earlier flowering in 
tropical germplasm for the U. S. Corn Belt. 
There was significant difference for the contrast crosses per se vs 
crosses random mated with average yield of 5.08 and 4.82 tons per ha, 
respectively. Assortative mating between the earlier plants when the 
crosses were generated probably accounted for the decrease in yield of 
the cycle crosses. The crosses random mated yielded 5.1% less than the 
crosses per se. 
The estimated parameters using Smith's (1983) model are recorded on 
Table 6. The contribution of heterozygote related effects (DDI) to the 
mean of the base population (CO) was larger than of the homozygote gene 
effects (AGI), but both were highly significant. The contribution of 
homozygote effects to the mean of the selected populations measured by 
(ALT) was not significant, but the contribution of heterozygote effects 
(DLI) was highly significant for the decrease in yield with selection 
for earlier flowering. The DQI parameter was not significant; that is. 
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Table 6. Genetic parameters (Smith, 1983) for yield (t/ha), plant 
height (cm), ear height (cm), root lodging ($), stalk lodging 
(%), grain moisture (cm), and leaf area (cm ) for the 
evaluation of 15 cycles of half-slb selection in Compuesto 
Seleccion Precoz population 
Parameter 
Trait AOI DOI ALI DLI DQI 
Yield 0.54** 2. 54** -0.003 -0. 
1
 
o
 0.0006 
Plant height 106.58** 43. 07** -0.936** -0. 208 0.0005 
Ear height 40.03** 24. 00
 
•0.543* -0. 562** -0.0100 
Root lodging 4.72** -0. 80 0.064 -0. 030 0.0037 
Stalk lodging 3.69** -0. 25 -0.029 0. 088 0.0035 
Grain moisture 21.25** 0. 17 -0.184** 0. 134** 0.0033* 
Leaf area 4779.85** 1117. 60** 22.000** -97. 080** -0.9930 
*, **Signifleant at 0.05 and 0.01, respectively. 
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the random drift observed for days to flowering did not cause a 
significant change on the drift for grain yield. 
Response to selection was evaluated using three different methods 
(Table 7): 1) as a linear combination of 2(ALI+DL1) parameters using 
the Smith (1983) model; 2) as the linear regression coefficient (bl) 
fitting the regression equation by the linear model; and 3) as the 
average difference between the last cycle of selection and the base 
population, i.e., (C15-C0)/15. The observed responses were -0.086, 
-0.096, and -0.103 ton per ha for the three methods of estimation; that 
is, there was a decrease of about 95 kg per ha of grain yield per each 
cycle of selection for earlier flowering. There was a close agreement 
among the estimates for the three methods. 
Correlated response to yield when selecting for earlier flowering 
has been found. Increases In yield per ha per cycle of selection were 
reported by Troyer and Brown (1972), 100 kg; Troyer and Brown (1976), 
100 kg; Center (1976), 200 kg; Troyer and Larking (1985), 167 kg; 
Compton et al. (1979), 127 kg; San Vicente (1989), 790 kg; and Narro 
(1988), 116 kg when cycles were evaluated at Ames. In the present 
study, we found 121 kg per cycle when evaluation was at Martlnsburg. 
Positive yield response was obtained in all instances with selection 
for earlier flowering In germplasm not adapted to temperate areas. 
Selection within tropical germplasm for earlier flowering in tropical 
areas, however, seemed to cause some loss of yield. 
Decrease in yield has been reported evaluating Compuesto Selecclon 
Precoz population at tropical environments. CIMMYT (1984) reported a 
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Table 7. Response to selection for yield (t/ha), plant height (cm), 
ear height (cm), root lodging (%), stalk lodging (%), grain 
moisture (%), and leaf area (cm ) In Compuesto Seleccion 
Frecoz population and their corresponding R expressed as a 
linear function of ALI and DLI parameters (Smith, 1983), as 
the linear regression coefficient (b^ ) when the equation 
Is fitted by the linear model, and as (Cj^ -CQ)/n 
Trait Smith's model Linear model (Cjj-CQ)/n 
2(ALI+DLI) R^   ^ R7" (CI5-CO)/15 
Yield -0.086 0. 99 -0 .096 0.81 -0 .103 
Plant height -2.286 0. 99 -2 ,220 0.27 -2 .503 
Ear height -2.210 0. 99 -2, .005 0.51 -2, 264 
Root lodging 0.068 0. 91 •0, ,117 0.30 -0, 068 
Stalk lodging 0.118 0. 94 -0, 052 0.46 -0. ,103 
Grain moisture -0.100 0. 99 -0, 086 0.63 -0, 063 
Leaf area -150.162 0. 99 -162. ,538 0.71 202. 950 
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decrease of 40 kg per ha per cycle when the evaluation was done at 
Tlaltizapan, the same location where selection was performed. Narro 
(1988) reported yield decrease of 95 and 18 kg per ha per cycle when 
the evaluation was performed at Chiclayo and Cali (two tropical 
environments), respectively. 
Plant height and ear height. There were highly significant 
differences among environments for both plant and ear height (Table 
1). In tropical environments, the plant height, measured as the 
average for cycles per se, varied from 189 cm at Cali A and Pichilingue 
to 161 cm at Chiclayo. The ear height varied from 89 cm at Cali to 65 
cm at Chiclayo (Table All). In general, check cultivars were taller 
than the average of cycles per se, and their plant and ear height were 
similar to the first cycles of selection (CO to C3). In contrast, the 
average plant height for checks in the temperate environment 
(Martinsburg) was lower than the average for cycles per se; CO was 39 
cm taller than the average of the checks. 
There was not a significant difference for the contrast cycle 
crosses per se vs cycles per se although the tendency was to have 
taller plants in crosses than in cycles. The corresponding averages 
for plant height were 178 and 167 cm; for ear height these values were 
75 and 70 cm, respectively (Table 3). The heterosis averaged over all 
cycles of selection was 8.5% for plant height and 3.9% for ear height 
(Table 4). Hallauer and Sears (1972) reported a 10.3% heterosis for 
plant height and -3.4% for ear height. 
Highly significant difference for cycles per se was detected (Table 
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1). Selection for earllness caused significant changes in plant and 
ear height. Partition of cycles per se by fitting the quadratic model 
was similar for both traits. The linear and lack-of-fit terms were 
highly significant, but the quadratic term was not significant. The 
highly significant lack-of-fit term can be explained by the deviation 
of G3 and C12 from the general tendency in decreasing plant and ear 
height with selection (Fig. 4). For plant height, only 27% of the 
total genetic variability was explained by a linear relationship, which 
should be the portion of the variation that can be used in a selection 
program. Most of the available variability (73%) corresponds to a non 
additive model. For ear height, the linear model accounted for 50% of 
the total variation among cycles. This is important because in many 
selection programs ear height is more important than plant height per 
se. Ear height had a more linear response to selection for earllness 
than plant height. It seems one can be more successful selecting for 
changes in ear height. 
There was a highly significant difference for the comparison cycles 
per se vs cycles self for both plant and ear height (Table 1). The 
averages for cycles per se and cycles self were 166 and 150 cm, 
respectively, for plant height. For ear height the corresponding 
values were 70 cm for cycles per se and 59 cm for cycles self. The 
average inbreeding depression observed in the evaluation of cycles of 
selection was 16 cm (10.1%) and 11 cm (14.90%) for plant and ear 
height, respectively (Table 5). 
There was not a significant difference between cycles crosses per 
Figure 4. Correlated response for plant height and ear height after 15 cycles of half-sib 
selection for earlier flowering in Compuesto Seleccion Precoz population 
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se and crosses random mated. Plant height for crosses per se and 
random mated were 178 and 176 cm, respectively. The corresponding 
values for ear height were 75 and 73 cm. Therefore, the probable lack 
of random mating when the crosses were generated did not determine 
changes in plant and ear height from crosses. 
The observed parameters using the Smith (1983) model are recorded 
in Table 6. The contribution of homozygote (AGI) and heterozygote 
(DOI) related genetic effects to the CO mean show the same tendency for 
plant and ear height. For both traits, the homozygote and heretozygote 
contributions to the mean of the base population were highly 
significant. The contribution to the mean of the selected populations 
varies according to the trait. For plant height, there was a highly 
significant difference for ALI and no difference for DLI; therefore, 
the contribution of genes with additive effects was more important to 
the mean of the selected populations. For ear height, ALI was 
significant and DLI highly significant; consequently, genes with 
additive and dominant effects were important to the mean of advanced 
cycles of selection. For both traits, the DQI parameter was not 
different from zero. 
Correlated response to selection for earliness is presented in 
Table 7. There was a close agreement among the three methods used to 
estimate response. For plant height, the observed values -2.286, 
-2.220 and -2.503 cm per cycle for the Smith model, linear model, and 
(Cn-CO)/n method, respectively. For ear height the corresponding 
values were -2.210, 2.005, and -2.264 cm per cycle. On the average. 
LOS 
there was a decrease of about -2 cm in plant and ear height for each 
cycle of selection for earlier flowering. For both traits, it seems 
that [(Cn-CO)/n] method overestimated the gain to selection. The main 
difference between the Smith model and the linear regression model is 
the amount of variability accounted for by the regression equation, as 
measured by R^ . In the Smith model the values for were 0.99 for 
both traits. In the linear regression model R was 0.27 for plant 
height and 0.51 for ear height. 
Results reported in this paper agree with those reported in the 
literature for selection programs on which the main selection criteria 
was earliness. On the average, plant height and ear height decreased 
from 2.1 to 7.2 cm per cycle of selection (Troyer and Brown, 1972 and 
1976; Center, 1976; Troyer and Larkins, 1985; Narro, 1988; San Vicente, 
1989). 
Root lodging and stalk lodging. There were highly significant 
differences among environments for both root and stalk lodging (Table 
1). Among the tropical environments, the highest incidence of lodging 
was observed at Jaen; 9.7% and 5.6% for root and stalk lodging, 
respectively. The lowest values were recorded at Call B (0.0% for root 
lodging) and at Palmira (0.4% for stalk lodging) (Table All). These 
values correspond to the average of cycles per se. Average root 
lodging for checks was lower than for cycles per se across all 
environments. The pattern for stalk lodging was not clear. Stalk 
lodging was greater for checks at Cali B and Jaen; lower at Cali A, 
Pichilingue, and Chiclayo; and similar to cycles per se at Palmira and 
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Tlaltlzapan. In the temperate environment, Martinsburg, stalk lodging 
was more important than root lodging. The observed values for cycles 
per se were 6.4% and 3.9%, respectively. The average stalk and root 
lodging for checks were 7.8% and 2.8%, respectively, at Martinsburg. 
The time for evaluation is important for lodging, particularly if we 
have entries with different maturities because counts are taken only on 
a single date before harvest. For this one date, earlier entries have 
greater senescence than later entries, which could confound the 
evaluation for lodging. 
There was not a significant difference among entries for lodging, 
and, therefore, the discussion will be based on observed trends. 
Partition of cycles per se shows that most of the genetic variance was 
not due to a linear relationship (Tables 1 and 7). Only about 30% of 
the total genetic variance was explained by a linear model. The only 
observed significant difference for root lodging was for the contrast 
cycles per se vs self, the means were 2.83% and 5.23%, respectively. 
There was the tendency for root lodging to increase with selfing, which 
is a measure of the inbreeding depression (Table 5). 
Parameters estimated by the Smith (1983) model for root and stalk 
lodging are recorded in Table 6. The only observed significant 
difference was for AOI in both traits, which suggests additive gene 
effects were the most important in the CO mean. Selection for 
earliness did not affect root and stalk lodging of the selected cycles 
(Fig. 5). Fig. 5 represents the response to selection for root and 
stalk lodging. There was the tendency to decrease root lodging from CO 
Figure 5. Correlated response for root lodging and stalk lodging after 15 cycles of half-sib 
selection for earlier flowering in Compuesto Seleccion Precoz population 
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to C3 but the opposite occurs from C9 to CIS. Under these 
circumstances there was no agreement between the three methods used to 
measure the response to selection (Table 7). 
In general, selection for earliness decreased root lodging as 
reported by Center (1976) (1.3%), Narro (1988) (1.0%), and San Vicente 
(1989) (5.4%). On the other hand, selection for earliness has been 
reported to Increase stalk lodging In a range from 0.5% to 2.8% per 
cycle (Troyer and Brown, 1972 and 1976; Center, 1976; Troyer and 
Larklns, 1985). In two reports (Narro, 1988; San Vicente, 1989), no 
change In stalk lodging were observed. 
Grain moisture. There were significant differences among tropical 
environments (Table 1). The grain moisture, expressed as the average 
of cycles per se, varied from 20.9% at Plchlllngue to 14.6% at Jaen 
(Table All). The average grain moisture for checks at these 
environments varied from 37.0 to 15.4%. Grain moisture for checks was 
greater than for cycles per se, and average grain moisture for checks 
was comparable to the grain moisture for CO. Average grain moisture 
for cycles per se (27.8%) and for checks (27.4%) was similar at 
Martinsburg. Grain moisture for cycles per se varied from 39.3% (CO) 
to 22.8% (C15). 
The linear component of the partition of cycles per se was 
significant and accounted for 63% of the total genetic variation (Table 
1). The quadratic term was not significant and accounted for only 16% 
of the variation. Lack-of-flt was highly significant and Included 21% 
of the total genetic variation. Selection for earliness also caused a 
Il 
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significant change in grain moisture and 63% of the observed 
variability over cycles of selection is related to the additive genetic 
variance. 
There was not a significant difference for the contrast of cycles 
per se vs cycles self (Table 1). The observed means were 19.8 and 
19.9%, respectively, which represents only a 0.7% inbreeding depression 
for greater moisture (Table 5). There was a highly significant 
difference for the comparison of cycle crosses per se vs self. Grain 
moisture was 20.6% for cycle crosses and 19.3% for crosses self. 
A measure of the heterosis can be observed in Table 8. The average 
heterosis among all the cycle crosses is 7.3% although there was no 
clear pattern with cycles of selection. The largest value (15.7%) 
corresponds to the CO x C9 cross, whereas, the lowest value was for the 
C6 X CIS cross (1.7%). 
In relation to the Smith (1983) parameters, AGI was the most 
important and highly significant; DOI was not significant. For the CO 
population mean, additive gene effects were the most important 
components. For the selected populations, both ALI and DLI were highly 
significant. The term DQI was significant which means that random 
drift was important in the mean of the selected populations. 
Assortatlve mating between the earliest plants when the crosses were 
formed could be responsible for the observed differences in grain 
moisture. 
Values for response to selection were -0.100, -0.086, and -0.063 
for the Smith model, the linear regression model, and the (Cn-C0)/n 
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Table 8. Average grain moisture for cycles of selection (diagonal) 
and their crosses (above diagonal), and percentage of mid 
parental heterosis (%) for cycle crosses (below diagonal 
in the evaluation of 15 cycles of half-sib selection for 
earliness in Gompuesto Seleccion Precoz population 
Cycles 
Cycles CO C3 C6 C9 C12 CIS 
CO 19.63 22.28 22.42 22.26 21.08 21.18 
C3 13.73 19.55 21.16 20.59 20.77 19.48 
C6 12.92 6.79 20.08 20.25 19.03 19.71 
C9 15.67 7.21 4.00 18.86 19.45 20.10 
C12 9.99 8.60 1.86 3.57 18.70 19.46 
C15 10.57 1.91 1.70 7.08 4.12 18.68 
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method, respectively (Table 7). Grain moisture decreased about 0.08% 
per cycle of selection for earlier flowering. The values for 
Smith's model and linear regression method were 0.99 and 0.63, 
respectively. In general, there was a linear tendency for decreasing 
grain moisture from CO to CIS (Fig. 6). 
The general tendency when selecting for earliness was to decrease 
the grain moisture. The average decrease per cycle of selection varied 
from 0.7% (San Vicente, 1989) to 1.6% (Troyer and Brown, 1976). Other 
reports had values of 0.8% (Center, 1976), 1.2% (Troyer and Brown, 
1972), and 1.4% (Troyer and Larkins, 1985). No change In grain 
moisture after 12 cycles of selection for earliness was reported by 
CIMMYT (1984). 
Leaf area: Highly significant differences for environments were 
observed for leaf area (Table 1). Leaf area based on the average of 
0 9 
cycles per se varied from 4621 cm at Fichillngue to 5363 cm at 
Chiclayo, two tropical environments (Table All). Compuesto Seleccion 
Precoz population generally had lower leaf area than checks used at 
O 
these environments. Leaf area for checks varied from 5327 cm for 
Call B to 6793 cm^  for Fichillngue. Average leaf area for checks was 
similar to CO. At Martlnsburg, average leaf area for cycles per se 
(7104 cm^ ) was greater than for checks (6778 cm^ ). 
Significant differences for cycles per se, cycles self, and for the 
contrast of cycles per se vs self were observed. Average leaf area for 
cycles per se was 6407 cm and for cycles self was 5118 cm , which 
means an Inbreeding depression of 20.1% (Table 5). There was no 
Figure 6. Correlated response for grain moisture after 15 cycles of half-sib selection for earlier 
flowering In Compuesto Selecclon Precoz population 
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pattern for the observed heterosis in relation to cycles of selection. 
In some crosses the heterosis was positive, whereas in some crosses 
heterosis was negative; the average heterosis based on cycle crosses 
was 1.2% (Table 9). 
The highly significant difference found for the contrast cycle 
crosses per se vs random mated could be an indication of the lack of 
randomness when crosses were generated. Mating early plants determines 
that the crosses generated have lower leaf area than crosses per se. 
fy 
The average leaf area for crosses random mated was 5491 cm compared 
O 
with 6320 cm for crosses per se. 
AGI and DDI parameters were highly significant (Table 6), 
suggesting both the. homozygote and the heterozygote gene effects were 
important in the CO population mean. The same occurred with the ALT 
and DLI in relation to the mean of the selected populations. DQI 
parameter was not significant; that is, selection for early flowering 
did not determine a significant random drift for leaf area. 
The calculated values for response to selection were -150.162, 
-162.538, and -202.95 cm^ for the Smith (1983) model, the linear 
regression model, and the (Cn-C0)/n method (Table 7). In all 
instances, selection for earllness decreased leaf area about 150 to 200 
cm^  per cycle. At least 70% (R^  for linear model) of the total 
genetic variation was explained by the regression model. There was a 
clear pattern of decreasing leaf area because of selection for 
earllness and the small deviations occurred in cycles 9 and 12 (Fig. 
7). 
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Table 9. Average leaf area for cycles of selection (diagonal) and 
their crosses (above diagonal), and percentage of mid-
parental heterosis (%) for the cycle crosses (below 
diagonal) in the evaluation of 15 cycles of half-sib 
selection for earliness in Compuesto Selecclon Precoz 
population 
Cycles 
Cycles CO C3 C6 C9 C12 C15 
CO mi 7134 6339 6919 6145 6781 
C3 -4.6 6813 6104 6786 5794 6373 
C6 -11.1 -5.7 mi 6143 6444 5857 
C9 -4.3 3.2 -1.4 6332 6371 5561 
C12 -14.7 -1.6 3.8 1.0 62M. 6054 
CIS 2.6 7.1 4.4 -2.6 6.5 mi 
Figure 7. Correlated response for leaf area after 15 cycles of half-sib selection for earlier 
flowering in Compuesto Seleccion Precoz population 
LEAF AREA 
sq cm (thousands) 
9 
8 
R = 0.71 
Y = 7656.28 - 162.54X 
7 
6 
5 
0 15 
cycles 
122 
The effect of selection for earliness over the stability in yield, 
was evaluated by the Eberhart and Russell (1966) stability analysis. 
The results are presented in Table A12. There was not a clear pattern 
of variation among entries and their corresponding regression 
coefficients (b^ ); also, there was no significant difference for the 
deviations of the linear regression. It seems to be that selection for 
earliness does not change the pattern of yield stability in the base 
population. 
Pearson's correlation coefficients for eight traits are recorded in 
Table 10. Positive and highly significant associations were found 
between earliness, measured as days to flowering, and yield (r-0.92), 
plant (r-0.94) and ear (r-0.96) height, grain moisture (r-0.90) and 
leaf area (r-0.91). Correlations agree with the observed correlated 
responses. That is, a decrease in days to flowering determined also a 
lower yield, shorter plants, lower grain moisture at harvest, and lower 
leaf area per plant. The fact that selecting for one trait caused 
changes in other traits means that some genetic correlation should 
exist among these traits. Consequently, the phenotypic correlations 
reported here must have an important genetic component that could be 
expressed as the additive variance which is related to the linear 
source of variation in the analysis of variance. For all the mentioned 
traits, except plant height, the linear term was more than 50% and in 
some cases as high as 80% (grain yield and leaf area). 
A positive and highly significant association between grain yield 
and plant height, ear height, and leaf area was present (Table 10). 
Table 10. Pearson's correlation coefficients for flowering, yield, plant height (plant), ear 
height (ear), root lodging (root), stalk lodging (stalk), grain moisture (moisture), 
and leaf area for the evaluation of cycles of selection in Compuesto Seleccion 
Precoz population across environments 
Flowering Yield Plant Ear Root Stalk Moisture 
Yield 0.92** 
Plant 0.94** 0.96** 
Ear 0.96** 0.96** 0.98** 
Root 0.48* 0.46* 0.46* 0.47* 
Stalk -0.16 -0.16 -0.19 -0.20 -0.45* 
Moisture 0.90** 0.86** 0.80** 0.84** 0.64** -0.28 
Leaf area 0.91** 0.93** 0.94** 0.93** 0.54* -0.23 
*,**Significant at the 0.05 and 0.01, respectively. 
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The greatest response to selection for these traits took place In the 
first cycles of selection. More than 50% of the total gain was 
obtained by the C3. For this reason, our results show that only a few 
cycles of selection should be performed to avoid the effect of 
deleterious genes associated with earllness and lower yield. The 
association of these traits corroborate the general performance of many 
tropical maize populations by having a relatively low grain-to-stover 
ratio caused by an excess of vegetative material in the plants. 
Conclusions 
Selection for earllness In Compuesto Selecclon Precoz population 
resulted in correlated changes in other traits such as yield, plant 
height, ear height, grain moisture, and leaf area. These changes are 
related to the genetic composition of the population as well as the 
response to selection. Response to selection for correlated traits was 
due to the genetic correlation between these traits and earllness. 
The amount of additive genetic variance, measured as the linear 
parameter when partitioning cycles per se, varied with each trait. 
This variance was 81% for yield, 27% for plant height, 50% for ear 
height, 63% for grain moisture, and 79% for leaf area. Therefore, 
selection for earllness also was responsible for changes in the 
available variability in other correlated traits. 
Correlated response to selection for earllness expressed on a per 
cycle basis varied among traits: Yield decreased about 100 kg per ha; 
plant height decreased about 2.3 cm; ear height decreased about 2 cm; 
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grain moisture decreased about 0.08%; and leaf area decreased about 172 
cm . There was not a clear pattern of response for root lodging and 
stalk lodging. 
The genetic constitution for the base population (CO), as well as 
for the selected populations (Cn), was analyzed based on Smith's (1983) 
model. For the base population the contribution of homozygote effects 
was the most Important to corresponding means for yield, plant height, 
ear height, root lodging, stalk lodging, grain moisture, and leaf area; 
the heterozygote contribution was Important for yield, plant height, 
ear height, and leaf area. For the selected populations, the 
homozygote contribution was Important for plant height, ear height, 
grain moisture, and leaf area; the heterozygote contribution was 
Important for yield, ear height, grain moisture, and leaf area. 
Significant effect of random drift to the mean of selected populations 
was observed for only grain moisture. Correlated gain to selection on 
a per cycle basis using these parameters was a decrease of 86 Kg for 
yield, 2.38 cm for plant height, 2.21 cm for ear height, 0.1% for grain 
moisture, and 150 cm^  for leaf area. 
Highly significant Pearson's correlation coefficients were observed 
between earllness and yield, plant height, ear height, grain moisture, 
and leaf area. This is in agreement with the observed correlated 
responses. 
The stability analysis for yield showed that selection for 
earllness did not cause significant changes on the yield stability 
measured both for linear regression coefficient and for the deviations 
from the linear regression. 
126 
References 
CIMMYT. 1984. CIMMYT 1983. Research highlights. International Maize 
and Wheat Improvement Center, El Batan, Mexico. 
Clayton, G. A.; G. R. Knight; J. A. Morris; and A. Robertson. 1957. 
An experimental check on quantitative genetical theory. III. 
Correlated responses. J. Genet. 55:171-180. 
Compton, W. A. and K. Bahadur. 1977. Ten cycles of progress from 
modified ear-to-row selection in corn. Crop Soi. 17:378-380. 
Compton, W. A.; R. F. Mumm; and B. Mathema. 1979. Progress from 
adaptative mass selection in incompletely adapted maize 
populations. Crop Sci. 19:531-533. 
Coors, J. G. and M. C. Mardones. 1989. Twuelve cycles of mass 
selection for prolificacy in maize. I. Direct and correlated 
responses. Crop Sci. 29:262-266. 
Davis, S. M. and P. L. Crane. 1976. Recurrent selection for rind 
thickness in amize and its relationship with yield, lodging, and 
other plant characteristics. Crop Sci. 16:53-55. 
Devey, M. E. and W. A. Russell. 1983. Evaluation of recurrent 
selection for stalk quality in a maize cultivar. Iowa State J. 
Research 58:207-219. 
Eberhart, S. A. and W. A. Russell. 1966. Stability parameters for 
comparing varieties. Crop Sci. 6:36-40. 
Fakorede, M. A. B.; N. M. Mulamba; and J. J. Mock. 1976. A 
comparative study of methods used for estimating leaf area of maize 
from nondestructive measurements. Mydica 22:37-46. 
Falconer, D. S. 1954. Validity of theory of genetic correlation. J. 
Hered. 45:42-44. 
Falconer, D. S. 1986. Introduction to quantitative genetics. John 
Wiley and Sons, Inc., New York. 
Center, C. F. 1976. Mass selection in a composite of intercrosses of 
Mexican races of maize. Crop Sci. 16:556-558. 
Goulas, C. K. and J. Lonnquist. 1976. Combined half-sib and SI family 
selection in a maize composite population. Crop Sci. 16:461-464. 
Green, V. E. 1955. Asociacion de altura de planta y cosecha en maiz 
tropical. Separata 5:83-90. Turrialba, Costa Rica. 
Il • 
127 
Hallauer, A. R. and J. B. Miranda Fo. 1988. Quantitative genetics In 
maize breeding. Iowa State University Press, Ames, Iowa. 
Hallauer A. R. and.J.H. Sears. 1972. Integrating exotic gqrmplasm 
into Corn Belt maize breeding programs. Crop Sci. 12:203-206. 
Hallauer, A. R. and J. A. Wright. 1967. Genetic variances in the 
open-pollinated variety of maize, Iowa Ideal. Zuchter 37:178-185. 
Harris, R. E.; C. 0. Gardner; and W. A. Compton. 1972. Effects of 
mass selection and irradiation of corn measured by random Si lines 
and their testcrosses. Crop Sci. 12:594-598. 
Jinahyon, S. and C. L. Moore. 1973. Recurrent selection techniques 
for maize improvement in Thailand. Agron. Abstr. American Soc. of 
Agronomy, Madison, Wisconsin. 
Johnson, E. C.; K. S. Fisher; G. 0. Edmeades; and A. F. E. Palmer. 
1986. Recurrent selection for reduced plant heigh in lowland 
tropical maize. Crop Sci. 26:253-260. 
Josephson, L. M. and H. C. Kincer, 1977. Selection for lower ear 
placement in two synthetic populations of maize. Crop Sci. 
17:499-502. 
Lonnquist, J. 1967. Mass selection for prolificacy in maize. 
Zutcher 37:185-188. 
Marek, J. H. and C. 0. Gardner. 1979. Responnse to mass selection in 
maize and stability of resulting populations. Crop Sci. 
19:779-783. 
Martin, M. J. and W. A. Russell. 1984. Correlated responses of yield 
and other agronomic traits to recurrent selection for stalk quality 
in a maize synthetic. Crop Sci. 24:746-750. 
Mies, D. W. 1979. Effect of mass selection for early maturity and 
prolificacy on epistasis on Golden Glow maize. Ph.D. Diss. Univ. 
of Wisconsin, Madison. 
Moll, R. H. and E. J. Kamprath. 1977. Effects of population density 
upon agronomic traits associated with genetic increases in yield of 
Zea mavs L. Agron. J. 69:81-84, 
Moll, R. H. and W. D. Hanson. 1984. Comparisons of effects of 
intrapopulation versus interpopulation selection in maize. Crop 
Sci. 24:1047-1052. 
Moll R. H. and H. F. Robinson. 1966. Observed and expected response 
in four selection experiments in maize. Crop Sci. 6:319-324. 
128 
Moll, R. H.; C. C. Cockerham; C. W. Stuber ; and W. Wllllans. 1978. 
Selection responses, genetic-environmental interactions, and 
heterosis with recurrent selection for yield in maize. Crop Sci. 
18:641-645. 
Moll, R. H. and C. W. Stuber. 1971. Comparison of response to 
alternative slection procedures initiated in two populations of 
maize. Crop Sci. 11:706-711. 
Mulamba, N. N.; A. R. Hallauer; and 0. S. Smith. 1983. Recurrent 
selection for grain yield in a maize population. Crop Sci. 
23:536-540. 
Narro, L. A. 1988. Evaluation of half-sib family selection in a mayze 
population. M.S. thesis. Iowa State University, Ames. 
Nyhus, K. A.; W. A Russell; W. D. Guthrie. 1989. Changes in agronomic 
traits associated with recurrent selection in two maize 
synthetics. Crop Sci. 29:269-275. 
Reeve, E. C. R. and F. W. Robertson. 1953. Studies in quantitative 
inheritance. II. Analysis of a strain of Drosophvla melanoeaster 
selected for long wings. J. Genetics 51:276-316. 
Rehn, P. N. and W. A. Russell. 1986. Indirect response in yield and 
harvest index to recurrent selection for stalk quality and corn 
borer resistance in maize. Rev. Bras. Gen. 9:41-54. 
San Vicente, F. M. 1989. Mass selection for adaptation in Antigua 
maize (Zea mavs L.) composite. M.S. thesis. Iowa State 
University, Ames. 
Singh, M.; A. S. Khehra and B. S. Dhillon. 1986. Direct and 
correlated response of recurrent full-sib selection for prolificacy 
in maize. Crop Sci. 26:275-278. 
Smith, 0. S. 1983. Evaluation of recurrent selection in BSSS, BSCBl, 
and BS13 maize populations. Crop Sci. 23:35-40. 
Thompson, D. L. 1963. Stalk strength of corn as measured by crushing 
strength and rind thickness. Crop Sci. 3:323-329. 
Thompson, D. L. 1972. Recurrent selection for lodging susceptibility 
and resistance in corn. Crop Sci. 12:631-634. 
Thompson, D. L. 1982. Grain yield of two synthetics of corn after 
seven cycles of selection for lodging resistance. Crop Sci. 
22:1207-1210. 
Troyer, A. F. and W. L. Brown. 1972. Selection for early flowering 
in corn. Crop Sci. 12:301-304. 
129 
Troyer, A. F. and W. L. Brown. 1976. Selection for early flowering in 
corn: Seven late synthetics. Crop Scl. 16:767-772. 
Troyer, A. F. and J. R. Larkins. 1985. Selection for early flowering 
in corn: 10 late synthetics. Crop Scl. 25:695-697. 
Yamaguchi, J. 1974. Varietal traits limiting the grain yield of 
tropical maize. II. The growth and yield of tall and short 
varieties. Soil Scl. Plant Nutr. 20:145-154. 
130 
GENERAL DISCUSSION AND CONCLUSSIONS 
Half-slb selection was effective for earlier flowering in Compuesto 
Seleccion Precoz population. Direct response to selection, measured as 
time to flowering, decreased about 0.5 days per cylce. The largest 
proportion of the observed genetic variability was due to the additive 
genetic variance (89%), Selfing delayed time to flower 2.6 days, which 
corresponds to a 4.8% inbreeding depression. Dominance for lateness 
was observed when crossing between cycles of selection, the 
corresponding heterosis was 2.4%. 
The contribution of homozygotes and heterozygotes were important to 
the mean of the base population and the selected cycles, although 
greater values corresponded to the homozygotes. The estimates of 
genetic drift were highly significant with assortative mating being the 
probable cause. The Eberhart and Russell stability analysis showed the 
tendency to decrease the linear regression coefficient with selection. 
Correlated response to selection for earliness resulted in 
decreasing, on a per cycle basis, of about 95 kg per ha grain yield, 
about 2.3 cm plant height, about 2.0 cm ear height, about 0.08% grain 
moisture, and about 172 cm leaf area. The observed genetic variance 
after selecting for earliness was 81% for grain yield, 27% for plant 
height, 50% for ear height, 63% for grain moisture, and 79% for leaf 
area. For the base population, genes with additive effects determined 
the major contribution to their corresponding mean for yield, plant 
height, ear height, root lodging, stalk lodging, grain moisture, and 
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leaf area. For the selected populations, the homozygote contribution 
was important for yield, ear height, grain moisture, and leaf area. 
The effect of random drift was important only for grain moisture. 
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Table Al. Average latitude, longitude, altitude, temperature, and 
precipitation for the environments were the cycles of 
selection for Compuesto Seleccion Frecoz population were 
evaluated 
Environment Latitude Longitude Altitude 
m 
Temperature 
°C 
Precioitatlon 
mm 
Turlpana* 09° N 76°W 12 29.0 900 
Call B* 03°03'N 76°19'W 965 24.0 174 
Pichllingue* 01°06'S 79°29'W 73 24.5 56 
Tlaltlzapan 19°40'N 99°W 940 
Poza Rica 20°N 95°W 60 
Chiclayo* 06°44'S 79°48'W 37 19.5 8 
Jaen® 04°58'S 78°25'W 740 24.8 491 
Ames* 42°N 93° W 335 25.3 663 
Maracay 10°15'N 67°36'W 455 24.8 1067 
S. Cruz* 10°09'N 66°29'W 444 26.9 1067 
*Data recorded from planting to harvest. 
Average per year. 
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Table kl. Checks used In the evaluation of cycles of selection of 
Compuesto Seleccion Precoz population at 13 environments 
Environments Entry 62 Entry 63 Entry 64 
Ames BS16 CO BSTL(S) C3 Tuxpeno(M) CI 
Turlpana Jutlapa 7390 ETO bianco C5 Mezcla amarllla 
Call A Jutlapa 7390 ETO bianco C5 Hezcla amarllla 
Palmira ICA H-260 ICA H-211 ICA V-258 
Call B Jutlapa 7390 ETO bianco C5 Mezcla amarllla 
Plchlllngue B-530 CRl(Fi) B-530 CR2(Fi) B-530 
Portovlej o H-550 INIAP-526 Inlap-527 
Tlaltlzapan AC 8443 AC 8521 AC 8328 
Poza Rica AC 8443 AC 8521 AC 8328 
Chlclayo PL 8501 M 28 T Pioneer X-304 A 
Jaen Jaeno M 28 T Shumba 
Maracay PB-8 PB-4(A) CENIAP-69 
Santa Cruz PB-8 PB-4(A) CENIAP-69 
Entry 58 Sete Lagoas 7931 
Entry 59 Across 7930 
Entry 60 CIAT 5A1 86 EVF2 
Entry 61 CIAT 5A1 86 EVF2. 
Table A3. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earliness in Compuesto Seleccion Precoz population in the 
Corn Belt* 
Mean 
Source df Yield Plant Ear 
Reps/E 2 22.90** 2.91* 111.63 
Entries (G) 63 36.90** 4.34** 1191.67** 
Cycles (C) 11 29.66** 1.43* 1791.24** 
Per se 5 34.03** 1.67* 1368.15** 
Linear 1 124.79** 6.55** 5100.48** 
Quadratic 1 2.68 0.33 41.26 
Lack-of-fit 3 14.22** 0.49 566.34* 
Self 5 29.42** 0.66 849.08** 
Per se vs self 1 9.00 4.02* 8617.41** 
Cycle crosses (Cr) 44 22.74** 1.77** 1002.07** 
Per se 14 19.29** 0.32 604.78** 
Random mated (RM) 14 18.13** 1.14* 744.16** 
Self 14 33.71** 0.37 298.39 
Per se vs self 1 2.83 39.20** 17305.60** 
Per se vs RM 1 4.44 0.00 168.10 
Checks (Ck) 6 164.95** 21.63** 1725.22** 
Ck vs (Cr & C) 1 0.88 50.10** 927.36 
Cr vs C 105 7.80 4.15** 70.18 
Effective error 105 2.66 0.60 233.69 
General Mean 79.64 2.83 241.01 
Coefficient of variation 2.05 27.45 6.34 
F^lowering was recorded at Ames, while yield, height, root and 
stalk lodging, grain moisture and leaf area were recorded at 
Martinsburg. 
, Significant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area 
33.98 60.19 40.78* 594683.82 
17.27 33.52 61.67** 1547745.48** 
10,03 20.59 94.72** 1360888.30** 
5.16 32.93 136.13** 564540.94 
5.28 8.38 346.45** 382266.02 
0.22 54.43 36.60 314644.04 
6.76 33.95 96.27** 2125800.93** 
16.78 10.98 58.61** 814333.11 
0.62 6.97 67.98* 8075400.98** 
17.84 28.46 29.83** 1318546.28** 
15.55 25.45 35.39** 165507.85 
16.54 14.05 28.43* 394484.54 
18.62 45.80 21.79 527599.20 
74.80 10.02 91.51* 34563908.85** 
15.78 0.33 79.07* 207688.45 
24.43 101.79** 248.73** 4013372.29** 
37.27 18.48 23.54 142707.80 
2.36 0.74 7.05 383013.78 
19.94 32.70 13.59 451676.33 
4.13 
108.09 
6 . 8 2  
83.90 
2 6 . 2 2  
14.06 
6728.00 
9.99 
Table A4. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earliness in Compuesto Seleccion Precoz population at 
Cali A 
Mean 
Source df Yield Plant Ear 
Reps/E 2 10.28** 8.12** 102.38 
Entries (G) 63 18.61** 5.34** . 758.97** 
Cycles (C) 11 23.22** 5.30** 1014.29** 
Fër se 5 24.96** 0.72* 1385.02** 
Linear 1 116.15** 2.05* 5946.38** 
Quadratic 1 1.14 0.94 543.75* 
Lack-of-fit 3 2.49 0.20 144.99 
Self 5 16,42** 0.95** 598.82** 
Per se vs self 1 48.51** 49.98** 1237.98** 
Cycle crosses (Cr) 44 11.83** 4.36** 525.31** 
Per se 14 8.62** 0.97** 256.84** 
Random mated (RM) 14 12.19** 0.30 172.77 
Self 14 11.74** 0.49 233.05** 
Per se vs self 1 14.74** 123.34** 9311.65** 
Per se vs RM 1 17.69** 0,04 180.88 
Checks (Ck) 6 39.58** 2.11** 347.15** 
Ck vs (Cr & C) 1 131.32** 72.50** 11405.38** 
Cr vs C 1 6.20* 8.00** 293.72 
Effective error 105 1.43 0.31 104.38 
General Mean 54.91 5.51 188.41 
Coefficient of variation 2.18 10.04 5.42 
I^t was not recorded at this location. 
' Significant at the 0.05 and 0.01, respectively. 
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sauares 
Root Stalk Moisture Leaf area* 
2.27 14.63 7.05** 
2.63 13.70** 3.95** 
4.65* 11.84 2.37** 
1.26 9.39 2.45** 
5.30 17.89 8.38** 
0.58 4.38 1.27 
0.13 8.23 0.87 
2.72 11.31 2.43** 
31.25** 26.68 1.69 
1.87 14.19** 1.53** 
1.34 6.08 1.03 
0.74 9.08 0.72 
3.42 14.87* 1.20* 
1.10 129.60** 24.21** 
1.67 3.12 1.76 
0.00 12.64 10.42** 
17.34** 27.93 92.74** 
22.28** 10.83 2.36 
2.19 8.02 0.06 
0 .66  
233.37 
3.37 
84.09 
16.49 
4.93 
Table AS. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-slb selection for 
earliness in Compuesto Selecclon Precoz population at 
Palmira 
Source df Yield Plant Ear* 
Reps 2 6.10 0.47 
Entries (G) 63 22.18** 4.51** 
Cycles (C) 11 19.48** 4.45** 
Per se 5 20.52** 0.54 
Linear 1 86.48** 2.31** 
Quadratic 1 4.20 0.12 
Lack-of-fit 3 3.98 0.09 
Self 5 1.92 0.72 
Per se vs self 1 101.81** 42.64** 
Cycle crosses (Cr) 44 15.68** 3.50** 
Per se 14 12.91** 0.79** 
Random mated (RM) 14 14.90** 0.92** 
Self 14 7.34* 0.14 
Per se vs self 1 46.78** 102.08** 
Per se vs RM 1 52.17** 0.38 
Checks (Ck) 6 32.29** 1.54** 
Ck vs (Cr & C) 1 298.71** 71.71** 
Cr vs C 1 9.37 2.44** 
Effective error 105 3.58 0.33 
General Mean 
Coefficient of variation 
55.85 
3.39 
3.50 
16.34 
®It was not recorded at this location. 
*' **Signifleant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area* 
3.70 4.97* 6.60 
5.81 1.62 24.96** 
19.80** 1.60 9.24** 
2.35 0.55 6.00 
0.81 0.18 29.73** 
0.38 0.01 0.11 
3.52 0.82 0.06 
30.77** 2.97 13.86** 
52.20** 0.02 2.37 
2.74 1.32 8.90** 
2.63 0.53 10.40** 
3.51 1.51 5.90* 
2.35 1.76 7.24** 
0.58 4.22 60.91** 
0.29 2.67 8.93 
1.22 4.42* 51.83** 
14.96 0.02 756.94** 
9.97 0.03 9.43 
4.69 1.50 3.07 
1.05 0.39 18.87 
206.22 312.27 9.29 
Table A6. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earllness In Compuesto Selecclon Precoz population at 
Call B 
Mean 
Source df Yield Plant Ear 
Reps 2 2.83* 0.12 2195.03** 
Entries (G) 63 19.19** 6.09** 618.86** 
Cycles (C) 11 23.68** 6.45** 758.39** 
Per se 5 22.85** 2.26 607.68** 
Linear 1 85.44** 6.22* 2450.09** 
Quadratic 1 17.11** 1.43 35.87 
Lack-of-flt 3 3.90** 1.22 184.15 
Self 5 17.00** 3.63* 577.33** 
Per se vs self 1 61.31** 41.34** 2417.20** 
Cycle crosses (Cr) 44 12.34** 5.23** 480.29** 
Per se 14 12.61** . 2.14 276.36** 
Random mated (RM) 14 9.46** 2.76* 381.89** 
Self 14 10.24** 1.46 153.60** 
Per se vs self 1 19.24** 120.82** 8000.98** 
Per se vs RM 1 26.21** 2.53 69.38 
Checks (Ck) 6 40.34** 1.44 211.87** 
Ck vs (Cr & C) 1 150.99** 72.83** 8212.92** 
Cr vs C 1 0.38 9.01** 240.40 
Effective error 105 0.82 1.36 68.18 
General Mean 
Coefficient of variation 
51.69 
1.75 
5.88 
19.80 
179.30 
4.61 
*' **Signlficant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area 
0.02 3.65 21.72** 361635.90 
0.70** 2.83 12.16** 1080880.80** 
3.14** 1.76 11.08** 829918.38** 
0.00 1.18 18.87** 453357.21 
0.00 0.53 65.12** 2219863.24** 
0.00 0.69 2.54 680.14 
0.00 1.50 8.90** 15572,37 
5.69** 1.40 3.93* 446827.67 
6.08** 6.48 7.87* 4628177.74** 
0.15 3.14 4.89** 983474.00** 
0.13 0.74 4.83** 394744.81 
0.00 2.22 5.11** 970763.69** 
0.30 3.94 4.19** 112949.67 
0.16 40.56** 12.50** 14273057.01** 
0.09 5.26 0.03 367500.40 
0.00 2.75 23.76** 580813.79 
0.86 2.55 284.40** 11985888.45** 
2.77** 0.80 6.16* 1564827.50* 
0.25 2.48 1.54 265300.00 
0.13 0.89 19.15 4655.00 
400.40 176.60 6.49 10.90 
Table A7. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earliness in Compuesto Seleccion Frecoz population at 
Pichilingue 
Source df Yield Plant Ear 
Reps 2 31.00** 14.51** 1140.57** 
Entries (G) 63 21.92** 4.48** 1007.35** 
Cycles (C) 11 37.86** 3.18** 997.75** 
Per se 5 30.88** 1.52** 853.35** 
Linear 1 127.48** 5.79** 2591.43** 
Quadratic 1 7.28** 0.91* 1206.52** 
Lack-of-fit 3 6.55* 0.19 156.28 
Self 5 26.73** 0.34 391.97** 
Per se vs self 1 128.37** 25.60** 478.59** 
Cycle crosses (Cr) 44 16.24** 2.95** 726.53** 
Per se 14 10.26** 0.99** 546.77** 
Random mated (RM) 14 6.09** 0.66** 400.48** 
Self 14 16.24** 0.16 200.91 
Per se vs self 1 63.00** 70.65** 8640.07** 
Per se vs RM 1 66.72** 0.67 744.08* 
Checks (Ck) 6 16.41** 1.98** 565.32** 
Ck vs (Cr & C) 1 138.82** 105.02** 16621.75** 
Cr vs C 1 0.39 2.30** 57.13 
Effective error 105 1.42 0.17 140.31 
General Mean 59.28 3.11 181.90 
Coefficient of variation 2.02 13.23 6.51 
*' **Significant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area 
3.06 38.42** 24.96** 1599099.23** 
15.58 16.16 18.42 4327793.75** 
14.61 13.91 10.05** 3959477.57** 
5.25 2.62 14.83** 6650955.47** 
0.00 0.47 34.06** 29911298.60** 
2.96 8.69 17.24* 87274.57 
7.77 1.31 7.63 1152068.06 
12.72 12.98 7.28* 1815997.27** 
70.90* 75.00* 0.08 1219489.53** 
16.71 16.06 8.88** 2522248.18** 
11.83 19.06 9.82** 1770231.54** 
7.63 9.84 7.79** 1652053.39** 
14.09 17.06 5.51* 1716885.12** 
170.24** 61.75** 66.98** 25061961.11** 
3.71 25.13 18.12** 538221.44 
4.15 7.13 35.90** 3244127.73** 
51.78* 99.35** 441.73** 95181087.22** 
1.55 2.65 11.43** 173331.44 
12.12 13.46 2.58 157219.33 
3.14 4.78 21.86 4749.66 
111.03 76.82 7.36 8.20 
Table A8. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earllness in Compuesto Seleccion Frecoz population at 
Tlaltlzapan 
Source df Yield Plant Ear 
Reps 2 13.27** 13.34** 1880.08** 
Entries (G) 63 27.80** 2.75** 787.22** 
Cycles (C) 11 22.68** 2.27** 663.20** 
Per se 5 30.97** 0,32 438.98** 
Linear 1 139.24** 0.15 2141.96** 
Quadratic 1 3.20 0.03 1.46 
Lack-of-flt 1 4.14 0.48 17.16 
Self 5 11.31** 1.12** 376.96** 
Per se vs self 1 38.01** 17.77** 3215.46** 
Cycle crosses (Cr) 44 13.63** 2.58** 515.34** 
Per se 14 12.37** 0.36 185.69* 
Random mated (RM) 14 9.09** 0.30 251.35** 
Self 14 11.97** 0.13 197.56** 
Per se vs self 1 16.61** 73.55** 12229.01** 
Per se vs RM 1 52.58** 0.12 4.74 
Checks (Ck) 6 55.98** 1.03** 935.80** 
Ck vs (Cr & C) 1 546.84** 28.82** 11791.65** 
Cr vs C 1 1.11 2.18* 424.18* 
Effective error 105 1.24 0.33 89.23 
General Mean 
Coefficient of variation 
58.54 
1.90 
3.84 
14.00 
162.19 
5.80 
^It was not recorded at this location. 
' Significant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area* 
277.62** 34.36** 61.86** 
13.80 4.69 35.98** 
12.34 5.16 10.84** 
9.81 1.10 11.08* 
0.09 0.44 29.87** 
.24.16 0.03 19.32* 
8.27 1.68 8.08 
11.28 4.98 10.19* 
30.20 26.32* 12.85 
14.16 4.83 10.58** 
5.95 3.07 8.31* 
14.39 3.82 5.03 
12.72 4.97 1.90 
81.51** 45.75** 251.00** 
10.10 6.72 47.96** 
0.88 2.18 74.69** 
75.06** 12.23 1199.25** 
11.47 0.02 4.89 
10.64 4.48 4.16 
2.46 1.67 17.58 
132.46 126.74 11.61 
Table A9. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-slb selection for 
earllness in Compuesto Seleccion Frecoz population at 
Chlclayo 
Source df Yield Plant Ear 
Reps 2 6.60* 1.72** 4183.63** 
Entries (G) 63 60.97** 5.11** 748.52** 
Cycles (C) 11 61.94** 4.93** 479.30** 
Per se 5 66.64** 2.32** 488.97** 
Linear 1 265.17** 10.47** 2183.16** 
Quadratic 1 24.09** 0.36 116.16 
Lack-of-fit 3 14.65* 0.26 148.52* 
Self 5 56.53** 0.52 210.24** 
Per se vs self 1 65.85** 40.00** 1776.20** 
Cycle crosses (Cr) 44 20.19** 4.59** 365.38** 
Per se 14 23.74** 0.92** 171.11** 
Random mated (RM) 14 18.28** 0.60** 211.63** 
Self 14 15.30** 0.50* 125.54** 
Per se vs self 1 11.17* 126.24** 6689.46** 
Per se vs RM 1 33.71** 0.08 0.14 
Checks (Ck) 6 144.11** 0.91** 1825.73** 
Ck vs (Cr & C) 1 1370.07** 60.79** 14466.92** 
Cr vs C 1 1.31 3.32** 69.67 
Effective error 105 2.50 0.23 38.61 
General Mean 66.74 4.39 158.93 
Coefficient of variation 2.37 11.04 3.91 
*' **Signifleant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area 
7.72 1.78 73 .69** 241394.63 
5.51 13.73 45 .56** 1554147.56** 
6.47 12.58 41 .57** 949452.43** 
8.51 21.39 29 .95** 1200134.08** 
12.46 44.30 91 .16** 4604281.07** 
0.20 0.15 22 .48 6003.57 
9.93 20.83 12 .04 462421.67 
5.28 6.15 59 .97** 441910.37 
2.24 0.68 7, .67 2233754.43** 
5.08 14.76 25, 27** 810507.61** 
5.48 19.72 21, 83** 487571.01** 
4.11 9.20 18, ,89** 704691.60** 
3.79 16.54 21. ,51** 482203.44** 
14.54 10.34 240, ,30** 9615469.42** 
4.42 9.37 51. ,58** 23363.69 
4.33 5.06 35. 42** 2105909.91** 
26.73* 37.56 1076. 03** 38344999.33** 
1.98 2.45 16. 65 282625.62 
5.54 14.46 5. 72 213980.50 
1.94 4.52 30. 34 5350.00 
121.35 84.13 7. 91 7.01 
Table MO. Combined analysis of variance for yield, plant height, 
(plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (moisture) and leaf area 
for the evaluation of 15 cycles of half-sib selection for 
earliness in Compuesto Seleccion Frecoz population at 
Jaen 
Source df Yield Plant Ear 
Reps 2 8.40** 5.69** 3059.69** 
Entries (G) 63 24.11** 3.17** 1020.47** 
Cycles (C) 11 14.97** 3.30** 559.05** 
Per se 5 7.03** 1.85** 324.97** 
Linear 1 32.24** 7.73** 1245.28** 
Quadratic 1 0.90 0.24 32.08 
Lack-of-fit 3 0.67 0.42 115.83 
Self 5 12.06** 0.51* 232.72* 
Per se vs self 1 69.22** 24.55** 3361.10** 
Cycle crosses (Cr) 44 8.65** 2.70** 398.25** 
Per se 14 5.06** 0.24 237.59** 
Randon mated (RM) 14 8.19** 0.40* 226.57** 
Self 14 9.35** 0.23 191.44* 
Per se vs self 1 44.31** 85.91** 6366.03** 
Per se vs RM 1 0.28 0.49 1.88 
Checks (Ck) 6 79.08** 0.78** 2514.95** 
Ck vs (Cr & C) 1 457.46** 39.70** 25043.74** 
Cr vs C 1 1.93 3.05** 217.94 
Effective error 105 0.59 0.21 99.48 
General Mean 66.74 4.39 158.93 
Coefficient of variation 2.37 11.04 3.91 
*' **Significant at the 0.05 and 0.01, respectively. 
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squares 
Root Stalk Moisture Leaf area 
51.70 201.72** 4.97** 6579937.58** 
62.75 39.87** 0.60** 1738315.11** 
69.74 16.99 0.14** 1151380.02** 
44.44 22.42 0.07 1365219.65** 
95.24 40.02 0.00 6349902.87** 
116.16 2.88 0.06 276453.30 
3.60 23.06 0.09 66580.69 
70.90 4.69 0.19 482542.88 
190.44 51.41 0.21 3426367.59** 
57.36 25.86 0.13 755768.40** 
36.84 24.50 0.16 491135.38 
78.51 23.02 0.04 432439.48 
63.19 30.43 0.12 526141.18 
11.66 0.03 0.98** 10388399.85** 
1.90 36.14 0.32 49895.86 
86.73 145.21** 2.79** 3548967.33** 
96.55 290.02 13.75** 39891005.56** 
79.53 77.87 0.03 4550.12 
48.78 19.76 0.12 310799.43 
10.46 6.05 14.63 475f.00 
66.78 73.49 2.40 11.20 
Table All. Average for yield, plant height (plant), ear height (ear), root lodging (root), stalk 
lodging (stalk), grain moisture (grain), and leaf area (leaf) for eight environments 
where cycles of selection in Compuesto Seleccion Precoz maize population were evaluated 
Environment 
Trait Entry Martinsburg Cali A Palmira Cali B Pichilingue Tlalizapan Ghiclayo Jaen 
Yield CO 1.86 7.00 4.81 7.94 4.68 4.46 5.99 5.50 
(tn/ha) C3 2.40 5.99 4.28 6.21 3.72 4.09 5.38 4.51 
C6 2.43 6.12 4.35 5.73 3.61 4.10 5.67 4.59 
09 2.23 5.62 3.97 6.34 2.75 4.60 4.94 4.23 
C12 3.S7 5.87 3.64 6.14 3.25 3.66 4.13 3.27 
CIS 3.67 5.79 3.80 5.45 2.81 4.24 3.76 3.63 
Mean 2.69 6.06 4.14 6.30 3.47 4.19 4.98 4.29 
Checks 4.23 9.01 5.21 7.54 5.20 4.90 5.95 5.12 
Plant CO 286 227 a 205 222 183 175 186 
(cm) C3 259 195 - 184 188 173 168 178 
C6 263 190 - 192 190 169 172 187 
C9 238 184 - 181 178 165 160 174 
C12 225 168 - 166 178 157 151 163 
CIS 225 170 - 170 181 149 143 164 
Mean 254 189 - 183 189 166 161 175 
Checks 247 210 - 198 209 184 184 204 
*Data were not recorded. 
Table All. (Continued) 
Environment 
Trait Entry Martinsburg Cali A Palmira Cali B Pichilingue Tlalizapan Chiclayo Jaen 
Ear 
(cm) 
CO 
C3 
C6 
C9 
C12 
CIS 
Mean 
186 
154 
154 
127 
139 
122 
147 
113 
92 
85 
73 
82 
87 
89 
98 
84 
84 
82 
71 
70 
68 
88 
65 
72 
64 
61 
62 
69 
91 
78 
79 
74 
61 
74 
76 
69 
72 
63 
58 
52 
65 
91 
82 
83 
76 
64 
59 
76 
Root 
(%) 
CO 
C3 
C6 
C9 
C12 
C15 
Mean 
Checks 
5.87 
2.96 
3.28 
4.43 
4.76 
2.34 
3.94 
2.76 
1.59 
0.76 
0.74 
0.01 
0.02 
0.04 
0.53 
0.01 
0 .22  
1.70 
1.19 
0.41 
0.35 
0.46 
0.72 
0.38 
0.02 
0.03 
0.03 
0.03 
0.02 
0 02 
0.02 
0.01 
2.25 
0.91 
2.90 
1.50 
0.32 
3.21 
1.74 
1.55 
0.04 
0.52 
4.55 
2.28  
0.02  
0.41 
1.29 
0.46 
1.64 
0.02  
2.32 
0.89 
4.92 
2.39 
2.03 
0.91 
16.02 
12.24 
6.70 
5.81 
7.84 
9.41 
9.67 
8.82  
Stalk 
(%) 
CO 
C3 
C6 
C9 
C12 
C15 
Mean 
Checks 
4.45 
2.79 
11.09 
6.23 
9.67 
4.09 
6.39 
7.77 
3.18 
6.20 
2.29 
3.10 
3.12 
0.78 
3.11 
2.41 
0.80 
0.03 
0.14 
1.05 
0.20 
0.10 
0.39 
0.43 
0.02 
1.48 
0.00 
0 .80  
0.01 
0.04 
0.39 
0.51 
2.44 
3.97 
4.65 
3.15 
3.77 
2.22 
3.36 
2.59 
0.75 
0.67 
1.10 
0.05 
1.90 
0.86 
0.89 
0.92 
1.62 
6 .02  
0.77 
5.81 
6.74 
6.61 
4.60 
3.15 
8.16 
3.80 
9.67 
5.09 
3.29 
3 27 
5.55 
9.22 
Table All. (Continued) 
Environment 
Trait Entry Martinsburg Cali A Palmira Cali B Pichilingue Tlalizapan Chiclayo Jaen 
Grain CO 39.27 17.70 19.87 22.78 25.27 20.80 35.44 14.76 
(%) C3 23,51 16.80 19.23 18.38 20.23 16.96 28.16 14.33 
C6 32.94 15.50 18.30 20.61 19.60 15.92 29.60 14.68 
C9 24.90 16.40 17.47 18.55 20.20 15.90 27.79 14.53 
C12 23.62 15.14 16.71 15.89 20.80 16.25 27.94 14.59 
CIS 22.83 15.48 16.86 16.93 19.17 15.95 26.71 14.66 
Mean 27.84 16.24 18.07 18.82 20.88 16.96 20.27 14.59 
Checks 27.37 18.45 24.54 22.59 26.14 24.80 36.98 15.41 
Leaf CO 7470 5255 6782 6321 5926 
(sq cm) C3 6764 - - 5042 5271 - 5292 5456 
C6 7130 - - 4896 5400 - 5655 4947 
C9 7411 - - 4565 3620 - 5548 4444 
C12 7442 - - 4516 4043 - 4785 4538 
C15 6410 - - 4198 2609 - 4574 4143 
Mean 7104 - - 4746 4621 - 5363 4909 
Checks 6778 - - 5327 6793 - 6634 6094 
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Table A12. Parameters for the Eberhart and Russell's (1966) stability 
analysis 
Flowering Yield 
Entry b^  Deviation b^  Deviation 
01 CO 1.21** 1.13 1,20 0.18 
02 CO self 1.30** 1.88 1,08 0.19 
03 C3 1.02 1.04 0,91 0.07 
04 C3 self 1.06 0.68 0,93 0.29 
05 C6 0.99 0.75 0,83 0.19 
06 C6 self 1.09 0.62 0,61* 0.05 
07 C9 0.99 0.31 1.08 0.15 
08 C9 self 0.97 1.20 0.62* 0.12 
09 C12 0.83* 0.35 1.12 0.13 
10 C12 self 0.98 1,09 0.79 0.15 
11 C15 0.81** 1,45 0,92 0.19 
12 C15 self 0.87* 1,43 0.81 0.06 
13 C0xC3 1.21** 3,22 1.32* 0.24 
14 C0xC3 R. M. 0.99 0,84 1,19 0,21 
15 C0xC3 self 1.18* 1.71 1,00 0,04 
16 C0xC6 1,10 0.57 1,40* 0,21 
17 CÔXC6 R. M. 1,16* 1.49 1,15 0,34 
18 C0xC6 self 0.93** 1.23 0,77 0.06 
19 C0xC9 0.91 0,96 1,10 0.20 
20 C0xC9 R. M. 0,88* 0,95 0,84 0.08 
21 C0xC9 self 1.14* 0.94 0,82 0.02 
22 C0xC12 0.94 0.52 1,06 0.10 
23 C0xC12 R. M. 0.89* 0.59 0,96 0.21 
24 C0xC12 self 1.09 0.94 1,24 0.13 
25 C0xC15 1.00 1.80 1,20 0.08 
26 C0xC15 R. M. 0.96 0.57 1,56 0.01 
27 C0xC15 self 1.11 1.04 0.88 0.07 
28 C3xC6 1.11 0.90 0.99 0.05 
29 C3xC6 R. M. 0.93 0.94 1.17 0.08 
30 C3xC6 self 1.02 0.60 0.84 0.05 
31 C3xC9 0,98 0.26 1.07 0.02 
32 C3xC9 R. M. 0,10 1.01 1.02 0.08 
33 C3xC9 self 1.07 0.94 1.14 0.10 
34 C3xC12 1.02 0.59 0.87 0.10 
35 C3xC12 R. M. 0.94 0.94 0.90 0.20 
36 C3xC12 self 0.96 0.50 0.80 0.03 
37 C3xCl5 1.06 1.34 0.94 0.10 
38 C3xC15 R. M. 0.91 1.57 1.06 0.12 
39 C3xC15 self 0.94 0,81 0.69 0.12 
*, **Significant at the 0.05 and 0.01, respectively. 
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Table A12. (continued) 
Flowering Yield 
Entry Deviation b^  Deviation 
40 C6xC9 0.93 0.92 0.83 0.02 
41 C6xC9 R. M. 1.01 0.88 0.92 0.44 
42 C6xC9 self 1.01 1.50 1.06 0.15 
43 C6xC12 1.10 0.94 1.17 0.14 
44 C6xC12 R. M. 1.03 1.06 1.26 0.03 
45 C6xC12 self 0.96 0.69 0.65 0.12 
46 C6xCl5 0.98 0.70 1.44 0.09 
47 C6xC15 R. M. 0.88* 0.72 0.77 0.49 
48 C6xCl5 self 0.93 0.71 0.99 0.02 
49 C9xC12 0.91 0.32 1.17 0.13 
50 C9xC12 R. M. 0.97 0.35 1.02 0.03 
51 C9xC12 self 1.05 1.02 1.37 0.24 
52 C9xC15 0.95 1.19 1.24 0.11 
53 C9xC15 R. M. 0.83* 0.80 0.90 0.03 
54 C9xC15 self 0.96 0.93 0.76 0.18 
55 012x015 0.76** 0.78 0.85 0.12 
56 012x015 R. M. 0.83* 1.15 0.79 0.29 
57 012x015 self 0.95 0.59 0.85 0.06 
58 Sete lagoas 7931 1.11 0.46 1.13 0.09 
59 Across 7930 1.09 1.21 0.95 0.05 
60 OIAT 5A1 86 EVF2 1.14* 0.98 0.78 0.53 
61 01AT 5A1 86 EVF2 1.12 0.83 1.25 0.35 
